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Note: This document provides draft technical analysis for review by the public.  This 
analysis is part of an ongoing deliberative rulemaking process and does not 
represent final conclusions of the Department.  Statements contained in the 
document should not be quoted as final Department policy or decisions. 
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Technical Support Document 
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Executive Summary 
Rule 62-302.530, Florida Administrative Code (F.A.C.), includes criteria for 36 parameters 
designed to protect human health from adverse health effects resulting from environmental 
exposures.  These criteria were developed based on National recommendations from the U.S. 
Environmental Protection Agency (U.S. EPA) and are intended to protect human health from 
adverse effects over a lifetime of exposure.  The primary assumed exposure routes to these 
pollutants are through:  a) drinking water; and b) consumption of fish and shellfish that have 
been exposed to contaminated surface water and accumulate contaminant concentrations in their 
tissues.   Additional exposures via absorption through the skin during swimming may also occur 
for a small number of these pollutants.   


Florida’s criteria, which were adopted in 1992, are in need of updating, as they reflect neither 
current national recommendations nor state specific information.  Florida’s current criteria were 
developed based on a National average freshwater and estuarine fish consumption rate (6.5 
g/day) that has subsequently been increased to 17.5 g /day, based on U.S. EPA National 
Recommendations.  Additionally, there is a substantial body of information that suggests that 
Florida seafood consumption patterns have changed since the early 1990's, which potentially 
could translate into the need to revise the State’s human health-based water quality criteria.   As 
part of this effort, DEP proposing to add 37 new criteria based on the most recent scientific 
information and methodologies.   


Development of human health criteria requires specific information and data on toxicity, 
exposures, and potentially modifying factors.  Much of the required data are available from U.S. 
EPA and form the basis of the National Recommendations.  Other information can be obtained 
from EPA Exposure Documents and Florida specific surveys.  The simplest approach for 
developing human health criteria is termed the deterministic approach, wherein, U.S. EPA’s 
default toxicity and exposure values are entered into standard equations as point values.  Each 
point value input in these equations is based on conservative assumptions that when combined 
may produce overly conservative results; that is, there is a high likelihood of unnecessary, 
compounded conservatism.   


One issue with the deterministic approach is that human populations are not well represented by 
single point measurements, meaning that the majority of the population would be exposed at 
levels well below the conservative point estimates.  Furthermore, it is highly unlikely that an 
individual at or near the conservative value for one input (e.g., 90th percentile fish consumption) 
is also at the conservative level set for another input (e.g., average weight).  A more realistic, 
accurate, and thorough assessment, termed the probabilistic approach, uses distributions of 
inputs that are representative of the target population(s).  Use of the probabilistic approach 
provides an evaluation of the risk to the entire population and can be used to develop criteria at a 
pre-specified risk level, and is considered more accurate than the deterministic approach.    
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A common approach to a probabilistic risk analysis uses a statistical methodology called Monte-
Carlo simulation, which iteratively and repeatedly inserts random samplings from the input 
distributions, generally 10,000 to 100,000 times.  The randomly selected input values are fed into 
the risk calculations during each model iteration to develop a distribution of risks that is 
representative of the combined characteristics of the target population.  This method can be used 
to more realistically represent the population of Florida than would the deterministic approach.  
DEP used this method to assess risks associated with the human health parameters and to 
develop protective criteria. 


DEP’s current approach to developing human health criteria builds on earlier Florida risk 
analysis work conducted on behalf of the Department by University of Florida Center for 
Environmental and Human Toxicology risk assessors.  DEP’s approach uses the risk analysis 
procedures and much of the information described in this earlier risk analysis to directly derive 
criteria and then subsequently evaluate risk to the general adult population as well as potentially 
higher risk sub-populations.  Deviations or refinements from the previous work are noted and 
explained.  Under the probabilistic approach, population variables, such as fish consumption rate, 
drinking water consumption, and body weight, are evaluated as distributions rather than as single 
point estimates.  The distributions used in the analysis are selected to describe the entire 
population of exposed individuals and not just an assumed, and perhaps unrealistic, highly 
exposed or at risk individual.  Use of the probabilistic approach allows a characterization of the 
full range of risk across the population.  It can be used to determine which factor(s) are most 
influential in driving risk or to characterize the risk levels across the entire population, such as 
the risk to the average individual, risk to highly exposed individuals, or risk at a specified 
percentile of the population (e.g., mean, 90th).    


DEP developed the proposed criteria by using a probabilistic approach to determine a level, for 
each water quality parameter, necessary to achieve minimum risk to Florida’s population at an 
upper percentile of the exposure distribution.  Specifically, DEP set the water quality criteria to 
achieve a hazard quotient of 1.0 at the 90th percentile for non-carcinogens or an incremental 
increased cancer risk of 1-in-1,000,000 (10-6) for carcinogens at the arithmetic mean of the risk 
distribution and a no greater than 1-in-100,000 (10-5) at the 90th percentile.  The hazard quotient 
is the ratio of an individual's intake compared to the reference dose. A hazard quotient of 1.0 for 
the 90th percentile individual means that individual's intake does not exceed the reference dose 
for the water quality parameter.  Note that uncertainty factors are applied to the RfD to ensure 
that it is set at a level protective of the entire population, including sensitive subgroups such as 
children.   


DEP used this probabilistic method to develop human health criteria for 84 parameters and is 
proposing to adopt new or revised human health-based criteria for 71 parameters.  Parameters 
that were considered but which are not being added include the following banned pesticides: 
4,4’-DDD, 4,4’-DDE, alpha-BHC, Endrin aldehyde, and Hexachlorobenzene.  Existing criteria 
that were considered but are not being revised include parameters with aquatic life-based criteria 
lower than the human health-based criteria (Endosulfan, Endrin, Selenium, and Toxaphene) and 
four parameters for which current toxicological data does not support criteria revision at this time 
(1,1,1-trichloroethane, Arsenic, Methyl Chloride, and Thallium).   
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The selection of the target risk level is a risk management decision, which was based on a 
number of factors including consideration of:  a) consistency with national recommendations on 
target populations; b) the increasing uncertainty at high percentiles; c) whether the criteria will 
be protective of highly exposed sub-populations at the 10-4 cancer risk level, as required by U.S. 
EPA methodologies; and d) the substantial uncertainty factors applied to the toxicity data used to 
derive the criteria.  Under this approach, a small segment of the population potentially exceeds 
the target risks due to high level exposure, but it is highly unlikely that they will actually exceed 
doses that will result in an adverse health effect given the remaining conservatism.  Therefore, 
DEP has concluded that the proposed criteria are highly protective of human health. 


A Human Health Peer Review Committee (HHPRC) was formed to evaluate DEP’s technical 
approach and to elicit constructive scientific input from seven expert toxicologists.  HHPRC 
panelists included Dr. Elizabeth Doyle (US Environment Protection Agency Office of Research 
and Development), Dr. Kendra Goff (Florida Dept. of Health), Dr. Raymond Harbison 
(University of South Florida), Dr. Dale Hattis (Clark University), Dr. Charles Jagoe (Florida 
Agricultural and Mechanical University), Dr. Susan Klasing (California Environment Protection 
Agency), and Dr. Chris Teaf (Florida State University).  The panel, which was moderated by Dr. 
Stephen Roberts (University of Florida), met on October 8 and 9, 2012 to discuss and provide 
responses to a series of technical charge questions.  Based on the HHPRC’s input, DEP revised 
this Technical Support Document to reflect the consensus of the expert panel (see Appendix A 
for a summary of the HHPRC meeting). 
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1 Introduction 


1.1 Purpose of Document 
The primary purpose of this document is to describe the technical basis for revisions to surface 
water criteria listed in Rule 62-302.530, F.A.C., for Class I, II, III, and III-Limited waters that 
are intended to protect human health.  This document represents revisions to DEP’s original 
approach based on the consensus opinion from the Human Health Peer Review Committee 
(HHPRC), which was formed to evaluate DEP’s technical approach and to elicit scientific input 
from expert toxicologists.  The parameters under consideration are known to cause adverse 
toxicological effects in humans.  Humans may be exposed to these through either drinking water, 
consumption of contaminated fish and shellfish, or in a few cases, dermal absorption.  The 
criteria are intended to be set at levels that will protect against adverse health effects over a 
lifetime of exposure.  While this document describes the EPA default methodology used to 
develop human health criteria, the proposed criteria are based on an alternative probabilistic 
approach (including assumptions and sources of data and information) that better accounts for 
variability and reduces compounded conservatism.   Criteria for 62 parameters were developed 
using this probabilistic approach and are presented herein.   


The document provides risk analyses for the general adult population and sub-populations that 
consume greater amounts of fish (subsistence fishers).  The risk analyses provide risk tables 
summarizing the probabilities that members of these populations will exceed the criteria 
thresholds and thus may be subjected to some level of elevated risk of an adverse health effect.  


1.2 Background Information 
Some chemical contaminants pose a potential threat to human health and ecosystems when 
discharged to surface waterbodies in the State.  In an effort to control release of chemical 
contaminants into surface waters and limit degradation of Florida’s aquatic environments, the 
State has established Surface Water Quality Criteria (SWQC) by rule in Chapter 62-302, F.A.C. 
The criteria in this rule represent numeric concentration limits for specific chemicals in Florida 
surface waters.  Implementation of these criteria is intended to protect the public health and 
welfare and to enhance the quality of waters of the State.  A Human Health-based Ambient 
Water Quality Criterion is the highest concentration of a pollutant in water that is not expected to 
pose a significant risk to human health over a lifetime.  The primary exposure routes of concern 
for human health-based water quality standards are direct ingestion of water as drinking water 
and consumption of fish and shellfish that have been exposed to the contaminants in the 
environment.  The constituents under consideration have been demonstrated to bioconcentrate in 
the tissues of fish and shellfish.  The contaminated flesh may subsequently be consumed by 
humans, resulting in exposure to the contaminant and risk of adverse health effects. 


Thirty-six of the criteria currently listed in Chapter 62-302, F.A.C., are based explicitly on 
protection of human health from exposure to surface water chemical contaminants via 
consumption of fish in Class III waters.  For Class I waters, direct exposure to these 
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contaminants through drinking the water is also considered.  Development of these human 
health-based criteria followed procedures and recommendations developed by the U.S. EPA.  
Calculation of these standards required assumptions regarding the extent of exposure to 
contaminants in surface water, including drinking water and fish consumption rates.  At the time 
the criteria were adopted, the U.S. EPA assumed fish consumption and surface water drinking 
rates of 6.5 g/day and 2.0 L/day, respectively.  Human health criteria currently listed in Chapter 
62-302, F.A.C., were developed based on these point values. This means that the current criteria 
correspond to acceptable risk limits when fish consumption does not exceed an average of 6.5 
g/day.  However, fish consumption survey information, fish landings data, and a changing 
marketplace indicate that consumption patterns have changed over time, necessitating a re-
evaluation of the criteria. 


In 1994, the Florida Department of Environmental Protection (DEP) funded the Florida Per 
Capita Fish and Shellfish Consumption Study conducted by Dr. Robert Degner of the University 
of Florida.  Data from this study suggested that Floridians eat significantly more fish than the 6.5 
g/day assumed by the U.S. EPA procedure.  The average consumption rate from the survey was 
47 g/day for all seafood and 28 g/day for Florida seafood species.   


DEP was subsequently petitioned to evaluate the study and consider using a higher fish 
consumption rate to re-calculate human health based criteria.  In response to this petition, DEP 
initiated a baseline risk analysis designed to evaluate the risk associated with current criteria and, 
if necessary, to guide the development of new criteria derived using alternative assumptions 
regarding fish consumption by Floridians.  This analysis was designed to form the basis for the 
Risk Impact Statement (RIS), which is required under Section 120.81, Florida Statutes (F.S).  
Section 120.81(6), F.S., requires that the Department “prepare a risk impact statement for any 
rule that is proposed for approval by the Environmental Regulation Commission and that 
establishes or changes standards or criteria based on impacts to or effects upon human health.”    


Consistent with guidance provided by the Florida Risk-Based Priority Council, in the 
“Guidelines for Risk Analyses Undertaken in Conjunction with Rule-Making” (FRBPC, 1996), a 
series of meetings were conducted by DEP to obtain stakeholder input regarding the conceptual 
and technical approach to the risk analysis. There was considerable discussion regarding 
potential risk hypotheses to be addressed, the availability of models and data to support the 
analysis, and the appropriate scope and limitations.  From these discussions, a Risk Impact 
Analysis Plan for Chapter 62-302, F.A.C., was developed (Halmes et al. 1999).   It was the 
consensus of stakeholders that a probabilistic risk assessment should be conducted to more fully 
characterize the distribution of risks among potentially affected populations and to consider other 
pathways of exposure, for example, dermal contact with contaminated water.   


DEP contracted with the University of Florida’s Center for Environmental & Human Toxicology 
to conduct the risk impact analysis and prepare the RIS.   Between 1998 and 2001, the Center 
conducted the baseline risk analysis.  The initial Baseline Risk Analysis was presented at an 
October 30, 2001 Public Workshop at which public comments were requested.  This initial report 
was subsequently submitted for peer review.  The Baseline Risk Analysis was updated in 
response to the peer review and additional public comment.  A final Baseline Risk Analysis was 
submitted to the Department in 2008 (CE&HT 2008).   







 


3 


 


DEP’s current approach takes much of the information and analysis presented in the 2008 
Baseline Risk Analysis and uses it to derive protective human health criteria.  In some cases, 
newer data have become available since publication of the 2008 report.  DEP has relied on the 
most recent data and information to ensure that the risk analysis is based on the most relevant 
and accurate information available to characterize exposures and risks. 


1.3 Public Input and Peer Review of DEP’s Approach  
The Department distributed a draft version of this document to the public in July 2012.  The 
approach was the subject of two sets of public workshops in May and July-August 2012.  DEP's 
approach was refined slightly between the two workshops in response to stakeholder and expert 
feedback.  A number of concerns were raised by those who commented.  Many of the most 
critical comments revolved around the estimated fish consumption rate and applicability of the 
1994 study to contemporary consumption patterns.  It was also suggested by numerous 
individuals that the human health-based criteria and DEP's technical approach should undergo a 
peer review.   


In response to these suggestions, the Department formed the Human Health Peer Review 
Committee (HHPRC), which consisted of seven expert toxicologists.  HHPRC panelists included 
Dr. Elizabeth Doyle (US Environment Protection Agency Office of Research and Development), 
Dr. Kendra Goff (Florida Dept. of Health), Dr. Raymond Harbison (University of South Florida), 
Dr. Dale Hattis (Clark University), Dr. Charles Jagoe (Florida Agricultural and Mechanical 
University), Dr. Susan Klasing (California Environment Protection Agency), and Dr. Chris Teaf 
(Florida State University).  Committee members were provided a slightly revised version of the 
July draft technical support document (August 2012) along with a list of charge questions, all 
public comments, and relevant materials submitted to the Department.    


DEP subsequently held a peer workshop on October 8 and 9, 2012, which was moderated by Dr. 
Stephen Roberts (University of Florida).  DEP staff provided the committee with a brief 
overview of the Department's technical approach and a summary of the substantive stakeholder 
comments.  Additionally, several stakeholders addressed the HHPRC and detailed their concerns 
and suggestions.  The meeting concluded with the committee discussing the provided charge 
questions with the objective of reaching consensus recommendations to the Department.   
Subsequent to the meeting, DEP staff summarized the HHPRC discussion and recommendations.  
The staff summary was e-mailed to individual committee members for their review, concurrence, 
and editing.  The final HHPRC report is contained in Appendix A of this document.  


Based on the feedback received from the HHPRC during the October Workshop and on technical 
comments received from stakeholders and technical experts, DEP revised its approach to the 
development of human health-based criteria, which is reflected in this TSD. .  The most 
substantial change in the approach involved the decision that the 1994 Degner Survey cannot be 
relied upon as the sole basis for determining fish consumption patterns in the state of Florida.  
The seafood marketplace has changed significantly since the early 1990's, influenced by new 
sources and types of seafood that have entered the market, resulting insignificant changes to 
consumer patterns.  Additionally, an assessment of the past ten years of landings data obtained 
from the Florida Fish and Wildlife Conservation Commission ( FWCC) clearly demonstrated 
that the Florida commercial landings are far from sufficient to meet consumer demand.  
Floridians may in fact be consuming as much seafood as reported in the Degner survey or similar 
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national surveys, but commercial production from Florida waters (shown below) is insufficient 
to meet consumer demand.  Therefore, the revised approach acknowledges that consumption of 
Florida species that are targeted for the risk assessment cannot be greater than the commercial 
and recreational landings for these species, and the resulting criteria are based only on the 
quantity of freshwater and estuarine species that are actually caught from Florida waters.   


1.4 Criteria Considered for Criteria Revision or Adoption 
Using the methodologies described in this document, DEP is proposing to develop revised 
human health-based criteria for 34 (criteria for thallium and chloromethane were not updated) 
parameters that are currently listed in Chapter 62-302, F.A.C., and to develop new criteria for an 
additional 37 parameters (Table 2-11).  DEP considered new criteria for priority pollutants in 
response to public comments received during the last Triennial Review of Florida’s water quality 
standards, recommending that DEP consider adoption of criteria for all priority pollutants.  The 
parameters that DEP considered are listed in Appendix B, which includes brief summaries of the 
use of each chemical.  The Department subsequently determined that criteria for several 
parameters, which were previously proposed for revision or as a new criterion in the July 2012 
Draft of this report, should not be revised or added at this time.  Parameters that were considered 
but which are not being added include the following banned pesticides: 4,4’-DDD, 4,4’-DDE, 
alpha-BHC, Endrin aldehyde, and Hexachlorobenzene.  Existing criteria that were considered but 
are not being revised include parameters with aquatic life-based criteria lower than the human 
health-based criteria (Endosulfan1, Endrin, Selenium, and Toxaphene) and the following 
parameters for which current toxicological data does not support criteria revision at this time.   


1,1,1-trichloroethane  


EPA does not have National Recommended criteria for 1,1,1-trichloroethane at this time.. 


Arsenic 


EPA is currently reassessing the criteria for arsenic: 
http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/arsenic/fs.cfm.  EPA found that 
organic arsenic concentrations in the tissue of aquatic animals was in a form that was much less 
toxic than inorganic arsenic, and that arsenic tissue levels were consistently lowest in the waters 
most highly contaminated with arsenic.  Currently, EPA’s recommended human health criterion 
for arsenic refers to the inorganic form only.  Therefore, DEP intends to maintain the current 
Class I arsenic criterion of 10 µg/L, which was adopted in 2007. 


Methyl Chloride 
 
EPA currently has no national recommendation for chloromethane (methyl chloride).  The IRIS 
database notes that the human carcinogenicity data are inadequate and that the few studies that 
have examined methyl chloride's potential carcinogenicity in humans have failed to convincingly 
demonstrate any association, and in one instance even indicated a lower cancer incidence than 
expected in workers chronically exposed to methyl chloride in a butyl rubber manufacturing 


                                                 
1 The Department added aquatic life-based water quality criteria for Endosulfan sulftate. 



http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/arsenic/fs.cfm
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plant.  The 2002 National Recommended water quality criteria for methyl chloride used the 
cancer slope factor for chloroform; however, EPA has concluded that that chloroform reference 
dose (RfD) can be considered protective against increased risk of cancer (U.S. EPA IRIS).  A 
similar demonstration has not been made for methyl chloride, and EPA has not stated that the 
chloroform RfD can be used for methyl chloride.  Given the uncertainty in the appropriate cancer 
slope factor or RfD to use for methyl chloride, DEP has determined that there is an insufficient 
technical basis for updating the existing methyl chloride criterion. 
 
Thallium 


The IRIS database concluded the toxicity database for thallium contains studies that are 
generally of poor quality.  It notes that the principal candidate study suffers from certain critical 
limitations (e.g., high background incidence of alopecia, lack of histopathological examination of 
skin tissue in low- and mid-dose groups, and inadequate examination of objective measures of 
neurotoxicity), and there are particular difficulties in the selection of appropriate endpoints.  
Therefore, even though an RfD would generally be derived with a combined uncertainty factor 
of 3000, an RfD for soluble thallium salts was not derived in the case of thallium (USEPA 2009).  
Further, the 2009 assessment clearly stated it did not recommend a thallium RfD value.  DEP is 
therefore not revising the existing thallium criteria given the lack of a scientifically justified and 
peer reviewed RfD.  Retention of the existing criteria will maintain the current level of protection 
until such time as sufficient evidence is available to support revision.   


1.5 The Probabilistic Approach 
The current probabilistic approach was selected to build upon the 2008 Baseline Risk Analysis.  
The approach directly incorporates risk assessment into the calculations, which facilitates 
preparation of an impact statement.  A risk assessment is inherent to the criteria derivation 
because the criteria are set at levels necessary to achieve a prescribed target risk level. 


Human health water quality criteria are set at the highest concentration of a pollutant in water 
that protects against a significant risk of adverse health effects over a lifetime.  The criteria 
should provide adequate protection to the general population over a lifetime of exposure and to 
special subpopulations (those with high water or fish intake rates or higher sensitivities) who 
have an increased risk of receiving a dose that would elicit adverse effects.  EPA’s default 
human health criteria calculations use a number of conservative values meant to capture both the 
toxicity and exposure to pollutants through typical exposure routes.  Under the probabilistic 
approach, one or more of the exposure variables are inserted into the equation as probability 
distributions based on variability in the target population.  The analysis treats the exposure 
distributions as random variables and allows for an evaluation of risk to both the entire 
population and to higher risk sub-populations.   


In contrast, the default deterministic approach relies on point estimates of key variables (e.g., 
body weight, fish consumption rate, drinking water intake).  Point estimates are generally 
established at an upper percentile (e.g., 90th) under the assumption that these will protect high-
end consumers or high risk individuals.  However, the deterministic approach is often criticized 
as being rudimentary and inaccurate due to compounded levels of conservatism, resulting in 
criteria that are unrealistic.  The selection of point value estimates such as fish consumption rate 
are based on best professional judgment and are often the focus of much disagreement and 
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contention.  Reliance on point values discards valuable information on variability within 
population.  Furthermore, use of the deterministic approach has led to a focus on the wrong 
endpoints.  The focus of criteria development should not be selection of a fish consumption rate 
or any other point value, but rather on setting criteria at the concentration of a pollutant in water 
that is not expected to pose a significant risk to human health over a lifetime.  The probabilistic 
approach allows the focus to be shifted back to the true concern, specifically, the risk of 
exceeding the reference dose (RfD) or Risk Specific Dose (10-6/cancer slope factor, RSD).  
Therefore, after receiving support from the HHPRC, DEP’s selected approach uses Monte-Carlo 
analysis to solve for the parameter specific concentration (protective criteria) necessary to ensure 
that a specified percentile of the population will not exceed the RfD or RSD.  


Prior risk analysis work in Florida suggested that a small number of parameters 
[hexaclorobutadiene, pentachlorophenol, total (carcinogenic) PAHs, acenapthene, anthracene, 
fluoranthene, fluorene, and pyrene] have significant dermal absorption components that are not 
otherwise accounted for in the analysis (CE&HT 2008).  DEP evaluated reducing the criteria for 
these parameters to account for additional risk associated with dermal absorption using the 
equations and assumptions in the 2008 Baseline Risk Assessment and Risk Assessment 
Guidance for Superfund Part E (USEPA, 2004).   However, dermal absorption calculation for all 
the parameters, with exception of hexaclorobutadiene, were based on dermal permeability 
coefficients that were outside model calibration range; that is, the coefficients are uncertain.  The 
HHPRC advised the Department that there is too much uncertainty associated with the dermal 
absorption factors and that criteria should not be derived based on these factors, with the 
exception of the single parameter for which the permeability coefficients are within the model 
calibration range.  DEP has followed the HHPRC's recommendation and included dermal 
absorption during swimming within surface water as an additional exposure pathway for 
hexachlorobutadiene only.  Inclusion of dermal exposure resulted in additional reductions of 
both the Class I and II/III criteria for this parameter. 


1.6 Targets for the Risk Assessment  
For non-carcinogens, the target risk was based on a hazard quotient (HQ) value of 1.0.  The 
protective criteria were derived by iteratively running the analysis until the target risk was 
achieved at the 90th percentile level.  The HQ is calculated as the total intake from fish and 
drinking water (for Class I waters) divided by the RfD multiplied by body weight; thus the HQ 
represents the RfD fractional exposure (Figure 2-1).  A HQ value in excess of 1.0 indicates the 
fraction by which the RfD has been exceeded; for example, a HQ value of 1.2 indicates that the 
RfD has been exceeded by 20%.  DEP selected the 90th percentile level as the target risk 
threshold because it represents a protective level for the general population.  Setting the criteria 
at the level necessary to achieve a HQ of 1.0 at the 90th percentile ensures that a large majority of 
the population will not exceed the RfD (level of no adverse effect).  Use of the 90th percentile is 
consistent with EPA’s default deterministic use of 90th percentile drinking water and fish 
consumption rates; that is, targeting consumers at the 90th percentile of exposures.  The 90th 
percentile balances protection of high risk segments of the population with a consideration of the 
fact that exposure distributions become increasingly uncertain at high percentiles (e.g., 95th, 99th) 
because there are few observed data points in this range in the underlying data sets used to derive 
these distributions.  Finally, even the more robust probabilistic approach incorporates 
conservatism into the criteria due to uncertainty factors applied by EPA to the derivation of 
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reference dose calculations, as well as implicit assumption in the criteria calculations, such as 70 
year exposures and continuous exposure of fish at the SWQC.   


 


Figure 2-1.  Theoretical probability distributions of risk for a non-carcinogen.  Surface water 
quality criteria were set at the level necessary to achieve the target risk at the 90% certainty 
level; that is, at the 90th percentile of risk.  Note:  x-axis is on a log scale and the risk distribution 
is lognormal. 


For carcinogens, the target risk was based on a no greater than one-in-a-million (10-6) excess 
risk.  The protective criteria were derived by iteratively conducting the analysis until the target 
risk was achieved at the arithmetic mean of the distribution (Figure 2-2).   Additionally, the 
resulting risks associated with calculated criteria were checked to ensure none exceeded 10-5 (1 
in 100,000) at the 90th percentile or 10-4 at the extreme upper end of the distribution (e.g., 95th, 
99th percentiles).   


Selection of a protective risk level is a risk-based policy decision.  USEPA (2000) states “EPA 
believes that both 10-6 and 10-5 may be acceptable for the general population and that highly 
exposed populations should not exceed a 10-4 risk level.”  Florida's current human health-based 
criteria for carcinogens are based on a risk level of 10-6 and developed from a national average 
fish consumption rate (6.5 g/day).  Thus, the use of an average risk level is consistent with the 
current level of protection.   Further, the Florida Department of Health (DOH) issues fish 
consumption advisories based on a risk level of 10-5 to protect individuals who consume at least 
one fish meal per week (32 g/day).  DOH considers the 10-5 level to be a "very low increased 
risk".  DEP's approach ensures that average Florida will be protected at greater than 10-6 
(extremely low increased risk) level, regular (weekly) consumers of Florida fish will protected at 
the 10-5 level consistent with DOH policy, and that all Floridians, including subsistence fishers, 
will be protected at better than 10-4 (low increased risk).  It should be noted that because the risk 
distributions are lognormal and skewed, the mean value represents greater than 50 percent of the 
population. 







 


8 


 


 


Figure 2-2.  Theoretical probability distributions of risk for a carcinogen.  Surface water quality 
criteria were set at the level necessary to achieve a 10-6 (1e-6) risk at the mean of the risk 
distribution and no greater than a 10-5 risk at the 90th percentile.  Note:  x-axis is on a log scale.  
The mean risk is to the right of the median (curve peak) because the distribution is lognormal.  
The mean and median will be equal for normal distributions. 
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2 Methods Used to Derive Criteria 


2.1 Basic Equations  
EPA provides written guidance on procedures for the calculation of human health criteria 
(USEPA 2000).  As previously stated, the recommended equations use input that represent 
conservative estimates of both exposure and toxicity.  The default equation for non-carcinogens 
(i.e., those based on a threshold reference dose) is given as: 


 


(Equation 2-1) 


 
The default equation for a carcinogenic compound is given as: 


 


(Equation 2-2) 


 
Where: 


 SWQC = surface water quality criterion (mg/L) 
 RfD = parameter specific reference dose (mg/kg-day) 
 RSC = Relative source contribution factor to account for non-water sources of exposure 


(not used for linear carcinogens) and may be either a percentage (multiplied) or amount 
subtracted. 


 BW = body weight (kg) 
 DI = drinking water intake, from surface water sources (L/day) 
 FI = fish ingestion rate (kg/day) 
 BCF = bioconcentration factor (L/kg), normalized to a 3% lipid content 
 RSD = parameter specific risk specific dose (mg/kg- day) calculated for the cancer slope 


factor (CSF) and cancer risk level (e.g., 10-6/CSF, 10-5/CSF). 
 
EPA and DEP develop human health criteria to protect against exposures associated with 
ingesting water and consumption of aquatic organisms (Class I waters) and ingestion of aquatic 
organisms only (Class II, III, and III-Limited waters).    Equations 2-1 and 2-2 apply in their 
entirety to the calculation of Class I criteria.  However, the drinking water (DI) terms are 
dropped from the equations when calculating Class II, III, and III-Limited criteria. 


2.2 Risk Characterization 
The equations may be used with default point values or with statewide or site-specific values 
representative of the target population of concern.  Use of the equations in this manner will 
provide deterministically based surface water criteria.  Alternatively, the equations can be 
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algebraically reordered to evaluate risk of either exceeding the RfD or an incremental increase in 
cancer risk.  Exposures through other routes, such as dermal absorption, can be added to the 
equation if these are of potential concern.  The equation for non-carcinogens can be reordered 
such that it is expressed as exposure divided by toxicity; thus, yielding the hazard or risk (termed 
hazard quotient, or HQ) of exceeding the body weight adjusted reference dose.  HQ values less 
than 1.0 indicate that the referenced is not exceeded, while HQ values greater than 1.0 indicate 
that the reference does is exceeded.  The HQ equation is given as: 


 
Where:  


  Iw = exposure through drinking water consumption (mg/day).   
  If  = exposure through fish consumption (mg/day) 
  Dswim = exposure through dermal absorption during swimming in surface waters  
  of the state (mg/day) 
  RfD = parameter specific reference dose (mg/kg-day) 
  BW = body weight (kg) 
 
The equation for calculating the cancer risk is similar to the hazard quotient equation used for 
non-carcinogens.  However, because the cancer slope is expressed as the proportion of the 
population affected per mg contaminant per kg body-day, the CSF is in the numerator of the 
equation.  The equation provides the lifetime incremental risk of cancer event (e.g., 10-6, 10-5) 
due to exposure to the contaminant and is given as: 


 


(Equation 2-4) 


 


Where:    
Iw = exposure through drinking water consumption (mg/day).   


  If  = exposure through fish consumption (mg/day) 
 Dswim = exposure through dermal absorption during swimming in surface waters 


of the state (mg/day) 
  CSF = cancer slope factor (mg/kg-day)-1 
  BW = body weight (kg) 
 


2.3 Exposure Calculations 
Exposures through drinking water apply only to Class I waters (i.e., potable water supplies) and 
were not included in the calculation of hazard quotients for Class II, III, and III-Limited criteria.  
Exposures from fish consumption apply to all water classifications except Class IV and V, which 
are not under consideration.   


 


(Equation (2-3) 
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Exposure through drinking water is a function of drinking water intake (DI) in mL/day and the 
surface water concentration (SWC) of contaminant in mg/L: 


 


(Equation 2-5) 


 
Similarly, the exposure through fish consumption is a function of fish ingestion (FI), surface 
water concentration, and a bioconcentration factor (BCF), and is given as: 


 


(Equation 2-6) 


 
Where:   SWC = surface water concentration (mg/L).   
  FI  =  fish ingestion rate (g/day) 


BCF = bioconcentration factor (L/kg), normalized to a 3% lipid content 
  PL = Percent lipid content of the fish consumed 
  
The bioconcentration factor describes the rate at which a contaminant diffuses or otherwise 
accumulates from surface water into fish tissue, thus providing a translation factor between 
surface water concentration to fish tissue concentration.  Bioconcentration of many organic 
compounds is affected by lipid content of the fish because organic compounds are lipophilic 
(absorb in fatty tissue).  EPA’s default BCFs are normalized to a lipid content of three percent.  
The term (PL/3) is used to modify the BCF based on the distribution of Florida fish lipid 
contents.   


Consumption of fish and ingestion of drinking water are considered by the U.S. EPA as the 
primary exposure routes to contaminant in the Nation’s surface waters.   However, the 
permeability through the epidermis (skin) of some compounds is sufficient to add a third 
significant exposure route via dermal absorption during showering/bathing and swimming.  The 
dermal dose absorbed (mg/cm2) per exposure event was estimated following the methodology set 
forth in the Risk Assessment Guidance for Superfund Part E (RAGS E)(U.S. EPA, 2004).  This 
approach allows the estimation of dermal exposures for short periods, where the assumption of a 
steady state may not be met.  In addition, it also takes into account the impact of shedding 
(desquamation) of the upper five layers of skin [stratum corneum (SC)] during showering or 
bathing activity, which diminishes the absorption of highly lipophilic and/or large (high 
molecular weight, MW) contaminants because of the long time these compounds stay in the SC; 
the Fraction Absorbed (FA) factor is defined to account for this loss of contaminant.  In addition 
to FA, other inputs are the skin permeability coefficient Kp, B, which is a measure of the SC 
permeability relative to the permeability of the underlying epidermis, and the concentration of 
the contaminant in water, which is assumed equal to the surface water quality criterion (SWQC).  
The following equations presented in RAGS E were used to calculate the dermal dose absorbed: 


When exposure time (texp) < time to reach steady-state (t*):  
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(Equation 2-7) 


 
When (texp) > t*: 


 


(Equation 2-8) 


 
Where: 


D = dermal dose (mg/day) 
B = stratum corneum permeability relative to permeability of the underlying 
epidermis, calculated from the compound molecular weight (MWT) and Kp 
SA =  surface area of the skin (cm2) 
FA = fraction absorbed in the stratum corneum (dimensionless, chemical specific) 
Kp = Skin permeability coefficient (cm/h) 
τ  =  Dimensionless exposure time = (Dc x texp)/Lc


2, where Dc = SC diffusion 
coefficient (cm2/h) and Lc = SC thickness (cm). 
Tevent = exposure (swimming or showering) duration (h) 
EF = Exposure (swimming or showering) frequency 


 
Dermal exposures were calculated individually for Swimming (DSwim).  Swimming exposures 
were assumed to occur within Class I, II, III, or III-Limited waters.  The evaluation of dermal 
route exposure used point values for all inputs, with the exception of skin surface area, 
swimming time, and swimming frequency.  Specific application of the equations and the 
distributions used are discussed below. 


2.4 Inputs to the Analysis 
To implement the probabilistic risk-based approach, many of the exposure inputs (e.g., fish 
ingestion rate, drinking water consumption, body weight, swimming duration) were selected as 
distributions rather than point measurements.  Use of distributions allows DEP to assess risk 
levels across the population and ultimately set criteria at levels necessary to achieve the target 
risk levels.  The most recent and most locally relevant distributions were used.  National 
recommendations, primarily from the 2011 Exposures Factors Handbook (USEPA 2011), were 
used unless Florida specific data were available or if there were data indicating that Floridians 
followed significantly different distributions.  The 2011 Handbook represents the most current 
summary and EPA recommendations of exposure factors related to human behaviors.  The 
factors define time, frequency, and duration of exposures.  The 2011 Exposure Factors 
Handbook post-dates the 2008 Baseline Risk analysis; therefore, some of the distributions used 
to develop the revised criteria were revised to reflect current information.    
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Florida-specific data were used where credible information indicated different distributions for 
Floridians (e.g., fish consumption, swimming frequency).  The sources and bases of distributions 
selections are described below.  The 2008 Baseline Risk Analysis was the primary source of 
Florida specific information, although DEP developed a revised Florida species landings 
adjusted fish consumption distribution as part of this criteria development effort (described 
below). 


2.4.1 Toxicity Data 
Toxicity data used in the calculation of the human health criteria included reference doses (RfD), 
relative source contribution (RSC), bioconcentration factors (BCF), and cancer potency (slope) 
factors (CSF).  These variables are parameter specific and were entered into the analysis as point 
values based on the most recent U.S. EPA recommendations.  USEPA (2002) provides a list of 
the current National recommended human health criteria as well as toxicity values used to derive 
those criteria.  DEP initially used parameter specific toxicity values from the 2002 National 
recommendations.  However, EPA revised several of the reference doses and cancer potency 
factors subsequent to its 2002 recommendations, and DEP reviewed the Integrated Risk 
Information System (IRIS) database (http://www.epa.gov/IRIS/) for more recent values to ensure 
that the more recent (i.e., best available science) reference doses or cancer potency factors were 
used in the DEP analysis.  DEP additionally reviewed literature and information recommended 
by the HHPRC and revised toxicity inputs for several parameters based on this information.  The 
toxicity factors used in the analysis are summarized in Appendix C.   


Reference Dose and Uncertainty Factors 
The reference dose is defined as “an estimate (with uncertainty spanning perhaps an order of 
magnitude) of a daily oral exposure to humans (including sensitive subgroups) that is likely to be 
without an appreciable risk of adverse effects during a lifetime.”  An RfD for a given chemical is 
usually derived by first identifying the no effect level or Point of Departure [No Observed 
Adverse Effect Level (NOAEL), Lowest Observed Adverse Effect Level (LOAEL), or 
Benchmark Dose (BMD)] for the most sensitive known toxicity endpoint - that is, the toxic 
effect that occurs at the lowest dose or at pre-specified effect level (e.g., 5th percentile).  The 
Point of Departure is then divided by one or more uncertainty factors (UF) and potentially an 
additional modification factor (MF).  Uncertainty factors are assigned individually on a log and 
half log scale (i.e., 1, 3, or 10).  EPA calculates a total uncertainty factor by multiplying the 
individual factors together (i.e., UFH x UFA x UFS x UFD x UFL x MF).  The uncertainty factors, 
which are described in Table 2-1, are applied to account for scientific uncertainty in the toxicity 
data and to ensure that the final RfD is set at a level protective of the full population including 
sensitive subgroups such as children.  Combined uncertainty factors for a given parameter 
typically range from 300 to 3,000, meaning that the applicable RfD is set at a level two to three 
orders of magnitude below the observed lowest effect (or no effect) level.  Thus, there is 
considerable conservatism built into the criteria, which ensures that the population will not be 
exposed to contaminant levels that are likely to cause adverse health effects.  


Table 2-1.  Description of EPA uncertainty factors and modification factor for non-carcinogens 
(USEPA 2000).  With each UF or MF assignment, it is recognized that professional scientific 
judgment must be used.  EPA states that the total product of the uncertainty factors and 
modifying factor should not exceed 3,000. 



http://www.epa.gov/IRIS/
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         extrapolating from valid data in studies using long-term exposure to average 


     nded to account for the variation in sensitivity (intraspecies variation) among the 
    n. 


         10 when extrapolating from valid results of long-term studies on experimental 
      human exposure are not available or are inadequate. This factor is intended to 
    ed in extrapolating from animal data to humans (interspecies variation). 


         10 when extrapolating from less-than chronic results on experimental animals 
     m human data. This factor is intended to account for the uncertainty involved in 


  nic NOAELs to chronic NOAELs. 
         10 when deriving an RfD from a LOAEL, instead of a NOAEL. This factor is intended 


     olved in extrapolating from LOAELs to NOAELs. 
       tor when deriving an RfD from an "incomplete" database. This factor is meant to 


      gle type of study to consider all toxic endpoints. The intermediate factor of 3 
     he square root of 10) is often used when there is a single data gap exclusive of 


  
      rmine the MF, which is an additional uncertainty factor that is greater than zero 


        magnitude of the MF depends upon the professional assessment of scientific 
     abase not explicitly treated above (e.g., the number of species tested). The default 


        
 


Relative Source Contribution 
The U.S. EPA methodology for non-carcinogens incorporates a concept of relative source 
contribution.  Relative Source Contribution (RSC) accounts for exposures from sources other 
than water and freshwater/estuarine fish and shellfish ingestion.  The RSC is typically expressed 
as a percentage of the reference dose remaining after considering all other exposure routes, 
including recreational contact, dietary intake other than fish, and inhalation of air.  When reliable 
data are available, U.S. EPA determines and establishes parameter specific RSC values for non-
carcinogens using an analysis of overall exposure based on available data and the contributions 
from each known source.  EPA uses default assumptions following a decision tree when data are 
not available (U.S. EPA 2000).   Criteria described in this document were developed using U.S. 
EPA’s nationally recommended RSC values.  Section 3.1 provides a discussion of uncertainty 
related to potential RSC exposures from non-Florida fish and shellfish.  The conclusion 
presented within Section 3.1 is that there are insufficient data upon which to derive non-Florida 
species RSC values. 
 
Cancer Slope Factors 
The default methodology for developing cancer slope factors (CSF) is based on a linear model 
and the assumption that any exposure to a carcinogen poses some probability of adverse 
response.  The probability of adverse response increases incrementally with increased exposures.  
EPA’s approach to carcinogens is prudent given the fact that carcinogenesis may begin with 
mutation of a single exposed cell.  The CSF is calculated as the slope of a line with an intercept 
of zero (i.e., zero dose and effect/risk).  The slope of the line is calculated as (0.1/LED10), where 
LED10 is the lower 95 percent confidence limit on a dose associated with a 10 percent extra risk 
of tumor incidence or tumor precursor development.   
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If the point of departure (LED10) was based on animal studies, it is adjusted to equivalent human 
doses using toxicokinetic information on the particular chemical.  However, in most cases, there 
are insufficient data available to compare dose effects between species.  In these cases, the 
estimate of a human equivalent dose is based on default assumptions. To derive an equivalent 
human oral dose from animal data, the default procedure is to scale daily applied oral doses 
experienced for a lifetime in proportion to body weight of the test animal raised to the 3/4 power 
(BW3/4).   The adjustment factor is used because metabolic rates, as well as most rates of 
physiological processes that determine the disposition of dose, scale in this manner (EPA 2000).  


2.4.2 Fish Ingestion Rates 
All human health-based criteria parameters are known to bioconcentrate or bioaccumulate to 
varying degrees in the tissues of fish and shellfish (hereafter referred to as fish) consumed by 
humans for food.  Thus, consumption of contaminated fish can be a significant exposure route.  
Individual exposure to these contaminants is highly influenced by the amount of fish one 
consumes.  An individual who consumes more fish will have a much greater exposure than an 
individual who consumes very little or no fish.   The derivation of a human health-based water 
quality criterion involves the calculation of the maximum water concentration for a pollutant that 
ensures drinking water and/or fish ingestion exposures will not result in human intake of that 
pollutant in amounts that exceed a specified level based upon the toxicological endpoint of 
concern.  Criteria derived to protect populations that consume large quantities of fish must be set 
at more stringent levels (lower criterion values) than those developed to protect populations that 
consume less fish.   


Florida’s current human health-based criteria were established using an assumed per capita 
average consumption rate of 6.5 g/day, which represented EPA’s national recommended level at 
the time. Florida’s human health-based criteria were last updated in 1992.   The national default 
fish consumption rate was revised to 17.5 g/day by U.S. EPA in 2000, resulting in a lowering of 
the National Recommended Criteria (USEPA 2000).  The 17.5 g/day rate was based on an 
estimate of the 90th percentile consumption rate for the U.S. adult population using the U.S. 
Department of Agriculture’s (USDA’s) Continuing Survey of Food Intake by Individuals 
(CSFII) 1994-96 data.  This default value was chosen to be protective of the majority of the 
general population.   EPA recommends default rates of 17.5 and 142.4 g/day to protect 
recreational and subsistence fishers, respectively.  However, States and authorized Tribes are 
urged to use a fish intake level derived from local data on fish consumption in place of this 
default value when deriving criteria.  States choosing to rely on local surveys must ensure that 
the fish intake level chosen is protective of highly exposed individuals in the population. 
 
Various dietary intake surveys and studies have attempted to quantify food intake rates, 
including seafood, of the population [e.g., CSFII, National Health and Nutrition Examination 
Survey (NHANES)].  Working under the assumption that Floridians consume greater quantities 
of seafood than the national average, DEP contracted with Dr. Robert Degner at the University 
of Florida, Florida Agricultural Market Research Center to conduct a survey of fish and shellfish 
consumption in Florida designed to test this assumption and develop Florida specific 
consumption rates.  The Degner survey was initiated in 1993 and concluded in 1994 as a state-
wide telephone survey of 8,000 households stratified by county (the number of individuals called 
per county was based proportionally on the population of the county, as reported by the 1990 
Census).  For adults, information on the amount of fish consumed both at-home and away-from-
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home during a 7-day period was collected from a randomly selected adult within the household 
surveyed.  Additionally, information on the proportion of fish consumed that was recreationally 
caught, by species, was also collected.  A 7-day recall method was chosen since other studies 
have shown a high degree of accuracy between 7-day food records and a subject’s ability to 
recall consumption of foods, particularly those either commonly or rarely eaten (Degner et al. 
1994).  The food record approach was not attempted due to the very high cost and time 
requirement involved and because the necessarily small sample size would not adequately 
portray the demographic and geographic diversity of Florida’s population.   


The Degner survey suggested that Floridians eat more fish than the national average or default 
rates (6.5 or 17.5 g/day).  Average adult consumption was 47 g/day, 28 g/day and 19.8 g/day for 
all species, Florida species, and Florida inshore marine and freshwater species, respectively.   
EPA (2011) notes that short-term recall studies may tend to overestimate consumption over the 
long-term, especially at the high-end of consumption (i.e., 90th, 95th percentile), because the 
surveys do not capture days when the participant does not consume fish.  The Degner survey 
captured very detailed information on the quantity and type of fish participants consumed over a 
7-day period; however, it did not collect information on the representativeness of the response or 
frequency of consumption.  One of the recurring criticisms of the Degner survey results, which 
was also voiced by the HHPRC, is that extrapolation of the survey results to the entire Florida 
population would result in more seafood being eaten than actually caught in Florida.  That is, 
there are not nearly enough fish captured from Florida waters to support the consumption pattern 
estimated by the survey. 


As advised by the HHPRC, the consumption of Florida seafood cannot exceed the quantity of 
fish landed.  If a lognormal (or normal) consumption distribution is assumed, then the area under 
the consumption curve can be calculated as the arithmetic mean rate multiplied by the total 
population that consumes seafood.  The 2010 U.S. Census tabulated a Florida adult population of 
14,799,219.  Assuming that 6% of the population are non-consumers (USEPA 1997, USEPA 
2011) of seafood, then the adult consumer population is 13,911,266.  A population of this size 
would require an annual supply of 100,536,718 kg of seafood to support an average consumption 
rate of 19.8 g/day.  However, commercial landings of inshore species only accounts for slightly 
less than one quarter of this required seafood mass (Figure 2-3).  Florida's recreational landings, 
which have averaged 11,354,101 kg whole fish for the 10-year period spanning from 2002 
through 2011, are insufficient to make up the difference (approximately 75,000,000 kg) between 
commercial landings and assumed total seafood consumption.  Recreational landings data were 
obtained from NOAA National Marine Fisheries Service Recreational Fisheries Statistics 
Program (http://www.st.nmfs.noaa.gov/st1/recreational/queries/index.html).  Although NOAA 
does caution that the weight estimates are minimums and may not reflect the actual total weight 
landed or harvested, it is highly improbable that recreational landings are underestimated by a 
factor of nearly 7.  Furthermore, it is clear that commercial landings have declined since the year 
of the Degner survey (1993-1994), which indicates there have been changes in Florida 
commercial consumption (i.e., consumption of commercially purchased fish) patterns.  Although 
Floridians may be eating more seafood than is landed in the state, the deficit must be made up by 
imported fish, which is beyond the regulatory control of the Department.  Therefore, as 
recommended by the HHPRC, the imported fish were excluded from calculations of the Florida-
specific consumption distribution. 
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Figure 2-3.  Annual Florida commercial landings of inshore (includes freshwater and inshore 
marine) and offshore marine species.  Values are in millions of kilograms.  Data were obtained 
from the Florida Fish and Wildlife Conservation Commission 
(http://myfwc.com/research/saltwater/fishstats/commercial-fisheries/landings-in-florida/).  
Species considered to be inshore marine are listed in Table 2-4. 


A second criticism of the Degner Survey was the study's age, particularly as it relates to 
commercial fish.  Consumption patterns have changed significantly in the last 20 years.  In 1994, 
the top ten consumed species on a national scale (in rank order) were canned tuna, shrimp, 
pollock, salmon, cod, catfish, clams, flatfish, crab, and scallops (NAS 2007).  By 2011, the 
ranking of species had shifted to shrimp, canned tuna, salmon, pollock, tilapia, pangasius, 
catfish, crab, cod, and clams (National Fisheries Institute, 
http://www.aboutseafood.com/about/about-seafood/top-10-consumed-seafoods).  It is highly 
notable that not only were tilapia and pangasius added to the top ten list within the past decade, 
but also that these species were not mentioned by any Degner Survey participants.  Furthermore, 
aquaculture production has supplemented the consumption of many long-standing top ten 
species, such as shrimp, salmon and catfish.  Aquaculture production has resulted in a 100-fold 
increase in salmon consumption and the introduction of new species (tilapia and pangasius) to 
the list of most commonly consumed foods (NAS 2007).  Given these changes, the 1995 Degner 
Survey commercial fish consumption patterns, do not accurately reflect the current (past ten 
years) consumption patterns.   
 
The HHPRC committee discussed these changes, based on materials submitted by Dr. Steven 
Otwell (Seafood Extension Specialist, University of Florida Food Science & Human Nutrition 
Department), and concluded that the Degner study should not be used as the sole basis of 
deriving a fish consumption rate or distribution for the State of Florida.  The HHPRC preferred 
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an approach that involved the adjustment of more contemporary national consumption 
distributions to Florida conditions, using landings data and other relevant information.   
 
Based on the feedback from the HHPRC, DEP developed an approach that consists of 
developing separate consumption distributions for commercial and recreational consumption 
patterns.  This approach acknowledges that the Degner survey is outdated, particularly for 
commercial fish, but retains the probabilistic approach, which was preferred by the committee.  
This current approach also acknowledges that fisheries resources are limited and that 
consumption patterns must be checked against realistic expectations of seafood landings.  
Because commercial availability and consumption patterns have changed drastically since 1994, 
DEP developed a Florida-specific commercial fish (and shellfish) consumption pattern using a 
national NHANES (2003-2006) consumption distribution, which was adjusted to Florida-specific 
conditions based on Florida commercial landings over the past 10 years.  This approach ensures 
that Florida commercial consumption patterns are directly related to the actual seafood available 
from Florida waters, as recommended by the HHPRC.   A separate recreational consumption 
pattern was developed from the Degner survey data based only on the recreational portion of 
consumption, based on information that recreational consumption patterns of freshwater and 
estuarine fish have not changed significantly.  The two consumption distributions were included 
in the probabilistic analyses, along with a custom distribution describing the probability that an 
individual is: 


• a non-consumer of fish (6%); 
• a consumer of only commercial fish, or  
• a consumer of both recreational and commercial fish.   


Consumers of only commercial fish were assigned a rate from the commercial distribution, 
while the rate for recreational consumers weas assigned as the sum of recreational and 
commercial consumption.  Non-consumers were assigned a rate of 0 g/day.  The derivation of 
these distributions is described below. 


Commercial Consumption Distribution 
It is a mathematical and physical impossibility for the consumption of commercially purchased 
Florida fish to exceed the production from within the state.  As previously mentioned, the area 
under the lognormal or normal consumption curve can be calculated as the arithmetic mean rate 
multiplied by the total population (i.e., adult seafood consumers).  A commercial consumption 
distribution was developed based on the variability described in the NHANES distribution 
adjusted to the commercial landings supported mean (“landings mean”).  That is, the Florida fish 
consumption distribution was shifted to a revised arithmetic mean that was equal to the Florida 
landings, divided by the population, and multiplied by 365 days.  Figure 2-4 provides a 
conceptual depiction of the calculation.   


This approach assumes that national NHANES data are representative of the variability among 
Florida consumers.  National NHANES data currently represent the best estimate of 
consumption patterns in the absence of more contemporary Florida or regional specific 
information.  Adjustment to the landings mean assures that the distribution is consistent with the 
supportable total population consumption rate as adjusted to include only commercially caught 
Florida freshwater and inshore marine species.  Use of this approach assumes that consumption 
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of commercially caught Florida fish is proportional, over the entire population, to the landings of 
these species relative to all fish available in the marketplace. 


 


Figure 2-4.  Conceptual approach for adjusting the national NHANES fish consumption 
distribution to be representative of only commercially caught Florida freshwater and 
inshore marine species.  NHANES0.5 is the median (geometric mean) of the NHANES 
distribution.  NHANES0.95 is the 95th percentile of the NHANES distribution. The 
Landings Mean is calculated as total annual commercial landings divided by population-
days (total adult population of consumers times 365 days).  Mean Adjustment equals the 
Landings Mean divided by the NHANES distribution mean.   


EPA (2011) analyzed national consumption patterns using 2003-2006 NHANES data and 
generated per capita and consumer-only intake rates for finfish, shellfish, and total fish and 
shellfish combined.  These intake rates represent intake of all forms of the seafood (e.g., 
purchased, self caught, marine, freshwater, estuarine) for individuals who provided data for 2 
days of the survey.  Individuals who did not provide information on body weight or for whom 
identifying information was unavailable were excluded from the analysis.  Two-day average 
intake rates were calculated for all individuals in the database for each of the food items/groups. 
Note that if the person reported consuming fish on only one day of the survey, their 2-day 
average would be half the amount reported for the one day of consumption.  These average daily 
intake rates were divided by each individual's reported body weight to generate intake rates in 
units of grams per kilogram of body weight per day (g/kg-day).  The data were weighted 
according to the 4-year, 2-day sample weights provided in NHANES 2003–2006 to adjust the 
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data for the sample population to reflect the national population (EPA 2011).  The fish and 
selfish consumption distribution, as developed by EPA to be representative of the entire 
population of seafood consumers, is summarized in Table 2-2. 


The distribution developed by EPA is based on the whole population and is expressed on a grams 
per kilogram body weight per day basis.  However, the comparison between the mean 
consumption rate and landings data required the consumption to be expressed in terms of grams 
per day.  DEP used a simple Monte Carlo simulation to convert the distribution into grams per 
day based on the distribution representative of the adult population. This simulation used the 
body weight distribution described in Section 2.4.5 and a lognormal distribution fit (location: -
0.06, log mean: -0.59, log std. dev. 0.90) to the EPA (2011) NHANES distribution.  For each 
model iteration, the weight in kilograms was multiplied by the consumption rate in grams per 
kilogram per day.  The model was run for 100,000 iterations to generate a new distribution of 
consumption rates, expressed in grams per day (Table 2-2).  All 100,000 trial results were 
retained for use in the rescaling step.  The number of iterations was selected to provide a high 
degree of precision (better than ±2.5 g/day) at the 95th percentile value.   


It is notable that the mean NHANES consumption rate (63.1 g/day) exceeds (by more than three-
fold) the Degner estimated consumption of inshore marine and freshwater fish (19.3 g/day), 
which was shown to be unsupportable by actual Florida landings data.  Because the NHANES 
estimated consumption rate is substantially higher than the total mass offish available from 
Florida waters, it must be adjusted to account for Florida landings.  The NHANES study 
overestimates Floridian’s freshwater and estuarine fish consumption because it includes all 
seafood, including offshore marine and imported fish, which constitute the majority of 
consumption for most individuals.   


Table 2-2.  Summary of the NHANES whole population fish consumption distribution as 
reported in EPA (2011) and adjusted for the adult weight distribution.  The number of survey 
participants (N) is given for the NHANES survey and the number of Monte-Carlo trials is given 
for the weight adjusted distribution. 


Statistic NHANES Consumers (g/kg-
day) 


NHANES Adjusted for 
Weight (g/day) 


N/Trials 4,206 100,000 


Mean 0.78 63.11 
SE 0.03 0.25 
Lower 95%CL 0.73  
Upper 95% CL 0.83  
1st Percentile 0 0.96 
5th Percentile 0 5.33 
10th Percentile 0.1 9.06 
25th Percentile 0.2 19.00 
50th Percentile 0.5 39.25 
75th Percentile 1.1 77.45 
90th Percentile 1.8 140.13 
95th Percentile  2.4 198.04 
99th Percentile 4.2 373.54 







 


21 


 


 


The HHPRC strongly supported adjusting fish consumption based on landings data.  They 
further supported adjusting the landings data to account for the fraction of each species that is 
edible.  Commercial landings data were obtained from the Florida Fish and Wildlife 
Conservation Commission (FWCC) for the years 1993 through 2011 
(http://myfwc.com/research/saltwater/fishstats/commercial-fisheries/landings-in-florida/). 
Commercial landings summaries are provided in pounds of whole weight, with the exception of 
stone crabs (which are in claw weight) and clams and oysters (which are in meat weight). 
However, some species are sold in quantities other than pounds whole weight.  For example, 
tuna and swordfish are gutted and headed; snappers and groupers are gutted; and spiny lobsters 
may be tailed. To produce the pounds of whole seafood weight, the FWCC applies a conversion 
factor, which is multiplied by the seafood quantity specific to the species landed.  For several 
species (e.g., snapper, cobia) the reported landings need to be divided by the adjustment factor to 
convert the weight back into gutted weighted.  Likewise, shrimp are reported in head-on weight, 
which can be divided by species specific conversion factors to estimate headless weight.   


In addition to the FWCC conversion factors, species specific edible yield conversion factors 
were assembled where available.  Professional culinary or seafood processing resources were 
consulted first, followed by consumer information, and finally a general assumption based on a 
study conducted by state of Alabama.  DEP employed the general assumption that 42% of the 
total organism was edible if a species specific yield value could not be found.  This value 
represents the mean yield for cleaning methods D, E, F, as described in the Alabama report 
(FIMS 1994).  Landings data were converted to edible portion by dividing by the applicable 
whole fish conversion factor and then multiplying by the edible yield conversion factor.  


Landings data were tabulated for species of fish and shellfish that inhabit the state’s inshore 
marine or freshwater habitats (Table 2-3).  Offshore species such as tuna, amberjack, grouper, 
seabass, and swordfish were excluded from the analysis of landings data because these species 
are unlikely to be influenced by land-based sources of pollution.  This exclusion is consistent 
with EPA's practice of basing human health-based criteria on the consumption of freshwater and 
estuarine species, while excluding marine species.  Likewise, species that are caught and sold 
primarily for bait (e.g., pinfish, thread herring) or other non-food purposes (e.g., sponges) were 
also excluded from the tabulation.  


Table 2-3.  List of inshore marine and freshwater commercial fish included in the Florida 
landings.  The table additionally lists the whole fish conversion factor from FWCC, and edible 
yield conversion factor, and the source of edible yield conversion factor if applicable. Note: 
mollusks are report by FWCC in meat weight and thus do not require adjustment. 


SPECIES Whole Fish 
Conversion 


Edible Yield 
Conversion 


Source of Edible Yield Conversion Factor 


Blue Runner 1 0.42 AL Average 
Catfish 1 0.6 http://www.chefs-resources.com/Catfish-Culinary- 


Information-for-Catfish 
Clams, Hard  1 1  
Cobia 1.04 0.42 AL Average 
Conch (Helmet And 1 1  
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SPECIES Whole Fish 
Conversion 


Edible Yield 
Conversion 


Source of Edible Yield Conversion Factor 


Whelks) 
Conch (Whelk, 
Helmet) 


1 1  


Crab, Blue (Hard) 1 0.14 http://www.bluecrab.info/nutrition.htm; 
http://nsgl.gso.uri.edu/flsgp/flsgpg00006.pdf 


Crab, Blue (Soft) 1 1  
Crab, Stone (Claws) 1 0.40 http://www.florida-agriculture.com/seafood/ 
Croaker 1 0.42 AL Average 
Drum, Black 1 0.46 http://www.chefs-resources.com/Black-Drum-Fish 
Eels 1 0.90 http://www.alaskaseafood.org/industry/qc/documents/ 


RecoveriesandYieldsbooklet.pdf 
Flounders 1 0.5 http://www.chefs-resources.com/Mahimahi 
Goatfishes 1 0.42 AL Average 
Jack, Crevalle 1 0.63 http://www.chefs-resources.com/Amberjack 
Jack, Mixed 1 0.63 http://www.chefs-resources.com/Amberjack 
Jack, Other 1 0.63 http://www.chefs-resources.com/Amberjack 
Ladyfish 1.45 0.42 AL Average 
Mackerel, Spanish 1 0.42 AL Average 
Misc. Food Fish 1 0.42 AL Average 
Misc. Invertebrates 1 0.42 AL Average 
Mojarra 1 0.42 AL Average 
Mullet, Black 1 0.42 AL Average 
Mullet, Black, Roe 1 0.42 AL Average 
Mullet, Silver 1 0.42 AL Average 
Octopus 1 0.8 http://www.alaskaseafood.org/industry/qc/documents/ 


RecoveriesandYieldsbooklet.pdf 
Oysters 1 1  
Permit 1 0.42 AL Average 
Rays 1 0.42 AL Average 
Rays & Skates 1 0.42 AL Average 
Sand Perch 1 0.42 AL Average 
Sand Perch 
(Serranidae) 


1 0.42 AL Average 


Scallops, Bay 1 1  
Scallops, Calico 1 1  
Seatrout, Sand 1 0.42 AL Average 
Seatrout, Silver 1 0.42 AL Average 
Seatrout, Spotted 1 0.42 AL Average 
Seatrout, Weakfish 1 0.42 AL Average 
Sheepshead 1 0.42 AL Average 
Shrimp, Brown 1.61 0.85 http://www.fao.org/wairdocs/tan/x5931e/x5931e01.htm* 
Shrimp, Other 1.53 0.85 http://www.fao.org/wairdocs/tan/x5931e/x5931e01.htm* 
Shrimp, Pink 1.6 0.85 http://www.fao.org/wairdocs/tan/x5931e/x5931e01.htm* 
Shrimp, White 1.54 0.85 http://www.fao.org/wairdocs/tan/x5931e/x5931e01.htm* 
Snapper, Grey 
(Mangrove) 


1.11 0.42 http://www.chefs-resources.com/Red-Snapper 
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SPECIES Whole Fish 
Conversion 


Edible Yield 
Conversion 


Source of Edible Yield Conversion Factor 


Snapper, Yellowtail 1.11 0.42 http://www.chefs-resources.com/Red-Snapper 
Spot 1 0.42 AL Average 
Tilapia (Nile Perch) 1 0.35 http://www.chefs-resources.com/Tilapia-Fish 
Triggerfish 1.04 0.42 AL Average 
*Tail and shell constitute approximately 15% of the total weight of shrimp. 


Commercial landings of inshore marine and freshwater species were tabulated both as reported 
and after adjusting for edible yield (Table 2-4).  Because there is inter-annual variability in 
landings, a mean value, calculated over the last 10 years (2002-2011), plus a one-sided 
confidence interval, was used to estimate the annual average Florida commercial landings 
(10,772,074,282 g/year).  This level represents an estimate of edible fish and shellfish that was 
available to the Florida seafood consuming population over the past decade.  The upper 95% 
confidence limit value represents the best estimate of long-term Florida commercial fish 
availability.   It does represent a conservative (more protective) estimate of total annual 
consumption by Floridians because it does not include any accounting for waste, exportation, or 
consumption by tourists.   However, DEP is currently unaware of reliable data sources that could 
be used to account for these additional loss factors and the HHPRC committee agreed that these 
would be difficult to quantify.   


Conversely, application of the edible yield conversion factors assumes that all fish and seafood is 
sold and consumed in head-off and filleted condition.  In reality seafood markets sell whole 
gutted fish and head-on shrimp.  Although the head and bones are largely inedible, these portions 
may be included in the cooking processed or utilized to make soups, stocks, or sauces, resulting 
in a potential transfer of the pollutants contained in these inedible portions to the consumed meal. 
However, the HHPRC recommended that DEP apply reduction factors and include only the 
edible portions of the landings adjusted data. 


Table 2-4.  Summary of Florida commercial inshore and freshwater fish landings for 1994 
through 2011.  Landings data are presented as reported by FWCC and tabulated by DEP and 
adjusted to account for edible portion. 


Year Landings as 
Reported 


(kg) 


Edible Yield 
Adjusted 
Landings 


(kg) 
1994 39,263,100 18,432,249 
1995 31,634,915 13,905,531 
1996 32,682,633 13,553,118 
1997 30,055,634 12,876,814 
1998 34,143,054 14,581,887 
1999 31,182,091 13,536,460 
2000 23,799,477 10,231,272 
2001 24,465,364 11,085,265 
2002 23,534,152 10,353,209 
2003 23,356,785 9,957,280 
2004 26,971,170 11,333,669 
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Year Landings as 
Reported 


(kg) 


Edible Yield 
Adjusted 
Landings 


(kg) 
2005 23,812,000 9,851,295 
2006 24,997,327 10,589,876 


2007 21,878,401 9,301,049 
2008 20,081,805 9,042,862 
2009 21,069,443 9,640,911 
2010 23,645,174 10,271,569 
2011 27,978,757 12,064,329 
Mean 10,240,605 
Std. Dev. 916,831 
t0.05(1),9 1.833 
Upper 95% C.I. 10,772,074 
 


A landings mean was calculated following the procedure summarized in Figure 2-2.  The 
adjusted commercial landings (10,772,074,282 g/year) was divided by the number of consumer 
days, where consumer days equals the assumed population of fish consuming adults (94% of the 
2010 Census) multiplied by 365 days (13,911,266 x 365=5,077,612,039).  The calculated 
landings mean equals 2.12 g/day, which represents the maximum per capita fish consumption 
rate that can be supported given the Florida commercial landings data from the last decade.  
 
A final commercial consumption rate was developed by rescaling the weight adjusted  NHANES 
consumption distribution (summarized in Table 2-3) to the landings mean of 2.12 g/day by 
multiplying the simulation trial results retained from the weighted NHANES distribution-fitting 
step by the ratio between the landings mean and NHANES mean (2.12/63.11=0.0336).  A new 
lognormal distribution was fit to the adjusted trial results (Figure 2-5).  This procedure 
effectively shifted the mean of the NHANES distribution to equal the Florida landings mean of 
2.12 g/day, resulting in a shift of the distribution to the left (Figure 2-5). The adjustments 
applied to the distribution result in scaling the NHANES distribution to the Florida commercial 
landings of estuarine and freshwater species. 
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Figure 2-5.  Final commercial consumption distribution for Florida fish consumers.  The 
distribution is based on an adjustment of the NHANES distribution to Florida commercial 
landings of freshwater and inshore marine species. 
 
Recreational Consumption Distribution 
The procedure described above for adjusting the NHANES consumption distribution to Florida 
conditions addressed only commercially purchased fish.  It does not include consumption by the 
portion of the population that also consumes recreationally caught fish, resulting in an 
underestimate of consumption by recreational anglers.  To address this issue, a second 
consumption distribution was developed to represent the recreationally obtained landings.  
Although recreational landings estimates are available from the NOAA Marine Fisheries, these 
data were not used to estimate an average consumption rate or distribution.  The data were not 
used because the landings are estimates based on surveys of anglers and NOAA specifically 
cautions that "weight estimates are minimums and may not reflect the actual total weight landed 
or harvested" (http://www.st.nmfs.noaa.gov/st1/recreational/queries/glossary.html#pse).  
Furthermore, the NOAA estimates do not include freshwater species.  Given these limitations, an 
adjustment of NHANES to recreational landings would result in an underestimate of recreational 
consumption, and thus, result in under protective criteria.  


Instead, Degner Survey data were used to develop a recreational fish consumption distribution 
based on only the recreational portion of consumption for freshwater and inshore marine fish.  
Virtually all of the criticism of the Degner Survey, with exception of it is age, was focused on 
changes in consumption patterns related to altered commercial availability, including the 
emergence of new seafood items and increased importance of aquaculture.  The Degner Survey 
results for the recreational component can still be considered valid because they are supported by 
more recent information.  The US Fish and wildlife Service (USFWS 2008) estimated the 
number of resident Florida anglers in 1996 and again in 2006 and concluded that there had not 
been a significant change in the number of anglers, based on a comparison of confidence 
intervals.  Recreational fisheries data were downloaded from NOAA National Marine Fisheries 
Service to confirm that overall angling patterns have not shifted significantly since 1994.  Figure 
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2-6 shows a time series of the number of coastal angler trips from 1994 through 2011.  While the 
number of angler trips has increased slightly over this period, the data  for annual recreational 
landings over the same period (Figure 2-7) clearly demonstrates that there has been no trend in 
landings.  However, it should be noted the NOAA recently changed their survey methodology 
and have not yet applied an adjustment to results collected prior to 2004.  The results prior to 
2004 may not be entirely comparable to later estimates.   However, the available information 
demonstrates that the size of the angler population has not changed significantly and that 
recreational fishers are still catching approximately the same amount of fish, although there is 
some uncertainty in absolute values given changing survey methodologies.  


 


Figure 2-6.  Time-series of the number of in-state annual angler trips by Floridians from 1993 
through 2011.  Data are for coastal trips only.  Freshwater angling patterns are not tracked by 
NOAA.  The solid black and dashed blue lines are the least squares regression and 95% 
confidence intervals, respectively. 
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Figure 2-7.  Time-series of Florida recreational landings of inshore marine species by Floridians 
from 1993 through 2011.  The solid black and dashed blue lines are the least squares regression 
and 95% confidence intervals, respectively. 


Consistent with the HHPRC recommendations, the species included in the derivation of the 
recreational distribution were limited to inshore marine and freshwater species.  Specifically the 
species included were clams, crab, flounder, freshwater catfish, largemouth bass, marine catfish, 
mullet, mullet roe, , oysters, panfish, red drum, shrimp (including salad shrimp), scallops, 
seatrout, seatrout roe, sheepsheed, snapper, snook, stone crab claws, and sunshine bass.  The 
categories “other freshwater fish”, “other marine finfish”, and “unknown finfish” were also 
included because they may include inshore marine and freshwater species.  Only a portion of the 
snapper catch (54%) was included to account for the fact that only some species of snapper can 
be caught inshore (mangrove and yellowtail).  The portion included was calculated as the mean 
plus upper 95% confidence limit (50.3+3.5%) of the annual ratio between estimated recreational 
landings of inshore to offshore snapper species for the last 10 years (2002-2011).  Over the 10-
year period, the proportion of inshore snapper species ranged from 42.5 to 60.4% of total 
estimated recreational snapper landings.  A lognormal distribution was fit to the 7-day survey 
data for recreationally obtained species, based on consumers only (location: -11.43, log mean: 
5.61, log std. dev: 0.90; Table 2-5).  The minimum of the distribution was truncated at 0 g/day to 
prevent iterations with negative consumption rates.  
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Table 2-5. Percentiles of 7-day consumption (consumers only) of recreationally obtained inshore 
marine and freshwater Florida fish. 


Percentiles 7-Day Consumption Rate 
(grams/7-day) 


5% 50.26 
10% 74.10 
20% 114.96 
25% 135.85 
30% 157.54 
40% 204.52 
50% 260.38 
60% 331.07 
70% 424.55 
75% 488.57 
80% 568.93 
90% 850.46 
95% 1,172.18 
 


Unfortunately, the survey did not ask participants whether the reported rate was representative of 
typical consumption; therefore, Floridians who did not eat fish during that particular week and 
those who never eat fish cannot be separated.  Although it is expected that many people never eat 
recreationally caught fish, it was clear that many consumers simply did not consume any fish 
during the week.  It would also be inaccurate to assume that participants always consume the 
reported amount of fish every week of the year for a lifetime.  Simply dividing the 7-day rate by 
seven would grossly over estimate long-term consumption patterns.  A realistic consumption 
expectation must therefore account for individual inter-week variability.   


To address these issues, a strategy was required to develop an expectation that more accurately 
reflects inter-week variation in consumption. The objective of the strategy was to develop a 
distribution, for a large number of individuals, of the average annual consumption, where 
consumption for an individual consisted of 52 weeks of simulated consumption using the 
following assumptions: 


1. It was assumed that for any week a consumer chooses to eat recreationally caught fish, 
the amount of fish eaten will follow the recreational consumption distribution. 


2. It was assumed that when a consumer chooses to eat fish during a week they ate the same 
amount every week on average.    


3. It assumes that the decision to eat seafood in any one week is a random process and that 
there is a 42.3% chance that a fish consumer will choose to eat recreationally caught fish 
during any week.  The 42.3% chance was based on information from a U.S. Fish and 
Wildlife Service survey of fishing, hunting, and wildlife-associated recreation (USFW 
2008).  This survey estimated that on average, Florida resident anglers fished 22 days per 
year.  It was assumed that for the average angler this represented fishing during 22 weeks 







 


29 


 


of the year, which translated to having fish available for consumption on average 22 out 
of 52 weeks (42.3%). 


Table 2-6 summarizes the best-fit distribution for 7-day Florida recreational fish consumption. 
The best-fit distribution function represents consumption patterns only for weeks when 
consumers choose to eat seafood.  A realistic analysis of long-term average consumption rates 
must also take into consideration the frequency (number of weeks per year) at which individuals 
actually consume fish and the variation in frequencies among individuals.  The long-term 
average daily consumption for an individual is the product of their average consumption (for 
weeks when they choose to consume fish) and the frequency of consumption divided by number 
of days. The 7-day recreational consumption distribution was used to define the 7-day average 
consumption rate, and a binomial distribution of 52 trials (weeks) with success probability of 
42.3% was used to represent the frequency of consumption (Figure 2-8).  As previously 
explained, the success probability was set based on average fishing days per year.   


The use of a binomial distribution allows for variation around the mean value.  Monte-Carlo 
analysis was used to simulate total annual consumption rates for 60,000 iterations.  During each 
iteration, the program randomly selected a consumption rate from the recreational consumption 
distribution and the number of weeks in a year (0-52) that the individual consumed recreationally 
caught Florida fish.   The consumption rate and weeks of consumption were multiplied together 
and divided by 364 (52 weeks x 7 days) to generate a long-term daily consumption rate for each 
iteration.  For example, when the ith individual consumes recreational fish they consume on 
average 114 g/week and they consume recreational fish 14 weeks per year.  The long-term 
average consumption rate for the ith individual is 3.76 g/day [(114 g/7-days x 14 weeks)/(7-days 
x 52 weeks)].  A distribution of long-term average recreational Florida species consumption rates 
was generated based on the 60,000 individual iterations and a log-normal distribution was fit to 
the results (Figure 2-9).   


 


Figure 2-8.  Distribution of Florida recreationally caught fish annual consumption frequencies 
(weeks per year).  Distribution is based on a binomial distribution with 52 trials and a success 
probability of 0.423.   
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Figure 2-9.  Final recreational consumption distribution for Florida recreationally caught fish 
consumers.   The distribution represents the consumption pattern for freshwater and inshore 
marine Florida species only. 
 
Combined Commercial and Recreational Consumption 
The landings adjusted commercial and recreational consumption distributions are representative 
of two segments of the Florida population.  The first segment (general consumers) is composed 
of individuals who consume Florida fish in varying quantities purchased from the marketplace.  
The second segment is composed of individuals who consume recreationally caught fish within 
the state waters, who may also purchase commercial fish and shellfish.  Consumption patterns 
for the former segment are represented by the landings adjusted commercial consumption 
distribution, while the later group is represented by the sum of the two distributions.  Although 
there are likely individuals who eat recreationally caught fish and purchase very little additional 
fish, the use of the Monte-Carlo simulation results in calculations that some individuals have a 
high recreational consumption rate and low (even 0 g/day) commercial consumption rate.  In 
addition to these two population segments, there are also individuals who never consume fish, 
assumed to be 6% of the adult population.   


USFWS (2008) estimated that there were 1,881,000 resident recreational anglers (ages 16 and 
up) in the state of Florida, which represents 13.5% of the 2010 Census adult fish consumer 
population (13,911,266).  It was assumed that 13.5% represents the portion of the population that 
are recreational consumers.  The portion that are general consumers can therefore be estimated 
by subtracting the percentage of non-consumers and recreational consumers from 100% , which 
results in 80.5% of the population falling into the general consumer category. 


The two above consumption distributions, in conjunction with a custom distribution describing 
consumer pattern, were used in the Monte-Carlo risk analyses.  The consumer pattern 
distribution indicated whether an iteration represented a non-consumer, general consumer, or 
recreational consumer.  Probabilities for non-consumer, general consumer, and recreational 
consumer were set to 0.06, 0.805, and 0.135, respectively.  The consumption rate for non-
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consumers was set to 0 g/day.  Consumption rates for general consumers were established based 
on the landings adjusted commercial distribution, while the rates for recreational consumers were 
set as the sum of the landings adjusted commercial and recreational consumption distributions.  


2.4.3 Lipid Content 
One of the most important determinants of the bioconcentration factor (BCF) is the lipid 
solubility of a given chemical.  Chemicals with a high degree of lipid solubility tend to 
accumulate in fatty tissues, leading to higher BCF values.  Fish with high levels of fatty tissues 
will accumulate more fat soluble contaminants than fish with lower levels of fatty tissues.  U.S. 
EPA’s default BCFs are normalized to an average fish lipid content of 3 percent.  This estimate 
will be protective of the target population if the average lipid content of fish actually consumed 
truly approaches 3 percent.   However, it can result in criteria than are overly stringent if the 
average is less than 3 percent and under-protective for individuals who consume fish with higher 
lipid content.  Lipid content for the fish caught and consumed in Florida are presented in Table 
2-6.  Many of the fish typically consumed by Floridians have lipid contents below the assumed 3 
percent value, suggesting that deterministically derived criteria may be overly stringent. 


Table 2-6.  Percent lipid content for Florida freshwater and inshore marine species.  Commercial 
species were based on commercial landings species.  Recreational species were based on the 
Degner Survey (as supported by 2008 USFWS data).  Species-specific lipid contents were 
obtained from the Nutrient Database for Southeastern Seafoods (Sullivan and Otwell 1992). 
Lipid contents that were not found in this document were available in the Nutrition Analysis 
Tool Version 2, an on-line nutrition analysis database maintained by the University of Illinois, 
Urbana Champaign, Department of Food Science and Human Nutrition.  


SPECIES % Lipid  SPECIES % Lipid 
Commercial Species   Commercial Species  
Blue Runner 3.30*  Shrimp, Brown 1.30 
Catfish 3.20  Shrimp, Other 1.50 
Clams, Hard (Wild Only) 1.10  Shrimp, Pink 2.20 
Cobia 0.64  Shrimp, White 1.10 
Conch (Whelk, Helmet) 0.60  Snapper, Gray (Mangrove) 0.60 
Crab, Blue (Hard) 1.10  Snapper, Yellowtail 1.10 
Crab, Blue (Soft) 1.40  Spot 4.50 
Crab, Stone (Claws) 0.40  Tilapia (Nile Perch) 3.00 
Croaker 3.20  Triggerfish 0.60 
Drum, Black 0.80    
Eels 10.90  Recreational Species 
Flounders 0.80  Marine Catfish  1.20 
Goatfishes 3.30*  Stone Crab Claws   0.40 
Jack, Crevalle 3.90  Clams  1.10 
Jack, Mixed 3.90  Crab  2.10 
Jack, Other 3.90  Fresh Catfish  3.20 
Ladyfish 4.40  Flounder  0.80 
Mackerel, Spanish 5.30  Other Freshwater fish 1.70 
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SPECIES % Lipid  SPECIES % Lipid 
Misc. Food Fish 3.40  Large Mouth Bass 1.30 
Misc. Invertebrates 1.30  Mullet Roe  1.81 
Mojarra 2.00  Mullet  3.70 
Mullet, Black 3.70  Other Marine Finfish  3.40 
Mullet, Black, Roe 1.81  Oysters  2.10 
Mullet, Silver 3.70  Panfish  0.70 
Octopus 1.00  Red Drum  0.80 
Oysters 2.10  Sunshine Bass  1.30 
Permit 3.30*  Scallops  0.90 
Rays & Skates 1.10  Sheepshead  2.40 
Sand Perch 1.54  Snapper  Inshore 1.10 
Scallops, Calico 0.70  Snook  0.95 
Seatrout, Sand 2.50  Shrimp  2.50 
Seatrout, Silver 2.50  Seatrout Roe  1.81 
Seatrout, Spotted 2.50  Salad Shrimp  1.20 
Seatrout, Weakfish 2.50  Seatroup  2.50 
Sheepshead 2.40  Unknown Finfish  3.30* 
*Species specific value could not be located in the literature.  The Average value for finfish 
was used for the given species. 


The 2008 Baseline Risk Analysis developed and described distributions of weighted average 
lipid content of fish and shellfish consumed based on Florida consumption patterns.  The current 
approach assumes different seafood consumption patterns, including exclusion of several 
offshore marine species.  Thus, the percent lipid distribution must be redefined to match the 
current assumptions.  Percent lipid (PL) content was entered as two custom distributions 
(commercial and recreational) in the Monte-Carlo analysis, allowing variability among 
individuals in the bioaccumulation potential in their diets to be addressed quantitatively.  Lipid 
content distributions were constructed using the relative importance of the each fish species as 
sampling weights and binning lipid contents into ranges using the sum of weights to calculate the 
proportion in each bin (Tables 2-7 and 2-8).   Weights for commercial species were assigned 
based on the proportion of 10-year landings (2002-2011) that each species represented 
(Appendix D).  Weights for the recreationally caught fish were assigned using the proportion of 
total recreational consumption for each species represented, as based on the Degner Survey 
(Appendix D).  Weighting of the recreational fish was based on the reported recreational portion 
only. 
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Table 2-7.  Custom percent lipid distribution for the commercial consumption pattern.  


Minimum 
(% Lipid) 


Maximum 
(% Lipid) 


Probability 


0.40 1.00 0.066 
1.00 2.00 0.317 
2.00 3.00 0.322 
3.00 4.00 0.215 
4.00 5.50 0.080 
5.50 11.00 0.0017 


 


Table 2-8.  Custom percent lipid distribution for the recreational consumption pattern.   


Minimum 
(% Lipid) 


Maximum 
(% Lipid) 


Probability 


0.40 1.00 0.306 
1.00 2.00 0.222 
2.00 2.50 0.187 
2.50 4.00 0.286 


 


For each Monte-Carlo iteration, the BCF was multiplied by a factor of the percent lipid (PL) and 
divided by 3.  The percent lipid was determined for each iteration based on the consumer pattern 
(i.e., non-consumer, general consumer, or recreational consumer).  Percent lipid content for non-
consumers and general consumers were assigned using only the commercial lipid content 
distribution, while percent lipid for recreational consumers was assigned as the weight average of 
both the commercial and recreational lipid content distributions.  Weighting for the recreational 
consumers was calculated on the proportions of landings-adjusted commercial and recreational 
fish consumed.  Because the bioaccumulation of inorganic compounds (inorganic arsenic, 
beryllium, antimony, and thallium) are minimally affected by lipid content (these compounds 
accumulate in lean tissues), the BCF values for these parameters were entered in the Monte-
Carlo without consideration of lipid content; that is, the lipid value was fixed at 3 percent (note 
that DEP subsequently decide not to update the criteria for arsenic or thallium). 


2.4.4 Drinking Water Consumption 
Direct ingestion of surface water as drinking water is the second major human exposure to 
environmental contaminants.  Most of the surface waters in Florida are designated as Class III 
(Fish Consumption, Waters for Recreation, and for the Propagation and Maintenance of Fish and 
Wildlife) and are not potential potable water sources.  The Fish Consumption portion of the 
Class III designated use applies equally to Class I, II, and III-Limited waters.  Additionally, 
Class I waters are designated for potable water supply, which requires consideration of the 
drinking water exposure route.   


The adult default drinking water consumption rate most often used by EPA in the deterministic 
approach is 2.0 L/day.  This value represents the 84th percentile for both males and females, 
from a report by Ershow and Cantor (1989) that examined data from a U.S.D.A. survey of 
tapwater and total water consumption conducted in 1977-1978. The 2011 Exposure Factors 
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Handbook recommends using a mean drinking water ingestion rate of 1.41 L/day, and a 90th 
percentile rate of 2.35 L/day, with the caveat that these values are not based on chronic intake, 
and, therefore, the chronic upper percentile water consumption may be greater than 2.35 L/day. 
The 2011 Exposures Handbook (USEPA 2011) recommended using Roseberry and Burmaster’s 
data (1992) that fit the Ershow and Cantor results to lognormal parameters.  The mean value of 
the adult (ages 20-65) drinking water consumption distribution is 1.122 L/day, and the 97.5th 
percentile is 2.926 L/day (statistical parameters: μ = 7.023 mL/day, σ = 0.489).   The Roseberry 
and Burmaster distribution of tapwater consumption was used for probabilistic analyses in 
support of refinement of Florida’s human health criteria.    


2.4.5 Body Weight 
The default body weight typically used in U.S. EPA’s deterministic calculation is 70 kg (EPA 
2000).  The value represents an assumed average weight for the adult population.   Florida’s 
current human health criteria in Rule 62-302.530, F.A.C., were derived based on this assumed 
average weight.  Assuming an average weight will be protective of the population on average.  
Individuals who weigh less than average may be under-protected by the default criteria if they 
consume fish and drinking water at rates near the 90th percentile values.   Conversely, default 
criteria will be over-protective for individuals weighing more than the average, even if they 
consume fish and drink water at the 90th percentile rates.  DEP’s probabilistic approach uses the 
range of body weights and other factors to more accurately estimate the risk to the population 
based on the combination of factors that influence individual risk.   


The 2011 Exposures Factors Handbook (USEPA 2011) recommends using Portier et al. (2007) 
when body weight distributions are used in risk calculations.  Portier et al. (2007) computed the 
means and standard deviations of body weight as back transformations of the weighted means 
and standard deviations of natural log-transformed body weights using NHANES (National 
Health and Nutrition Examination Survey ) II, III, and IV data.   The NHANES data are 
nationally representative and remain the principal source of body-weight data collected 
nationwide from a large number of subjects.   The 2011 Exposure Factors Handbook provided a 
summary of Portier et al. (2007) in Table 8-25, Estimated Body Weights of Typical Age Groups 
of Interest in U.S. EPA Risk Assessments.  DEP used the body weight distribution listed for 
adults ages 18-65 for the recent NHANES IV survey (Mean=79.96; SD 20.73) for criteria 
derivation and risk analysis calculations to represent the adult population.   


Adult body weight was truncated at 44 kg in the 2008 Baseline Risk Analysis; that is, the 
minimum weight in the Monte-Carlo Analysis was not allowed to go below this value.  Forty-
four kilograms occurs at approximately the 1st percentile of the current distribution.  DEP 
concluded that body weights below 44 kg are extremely unlikely and therefore followed the 
approach used in the Baseline Risk Analysis and truncated the distribution at 44 kg.   


2.4.6 Shower (and bathing) Frequency and Duration 
The HHPRC advised the Department that there was little value in including exposure from 
showering/bathing because drinking water is treated and must meet drinking water standards; 
therefore, the exposures can safely be assumed to minimal.  DEP agrees with the committee 
recommendation and has therefore not pursued inclusion of showing exposures as a component 
of the criteria derivation or risk assessments. 
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2.4.7 Swimming Frequency and Duration 
To estimate contaminant exposure through dermal absorption while swimming, it was necessary 
to estimate how frequently and how long Floridians are in direct contact with surface waters.  
Data on swimming frequency were obtained from the 1994-95 National Survey on Recreation 
and the Environment (NSRE) conducted by the USDA Forest Service Recreation, Wilderness, 
Urban Forest, and Demographic Trends Research Group, Athens, GA.  A swimming frequency 
distribution (number of days a person swam in one year) was developed using data collected in 
Florida during this NSRE survey.  Responses from a total of 264 individuals from Florida were 
used, 174 of which (66%) answered they had engaged in non-pool swimming during the 
preceding year (CEHT 2008).  Swimming frequency from these individuals ranged between 1 
and 300 days/year, averaging 22 days/year.  A custom distribution defined in the 2008 baseline 
risk analysis was used to probabilistically evaluate dermal exposures (Table 2-9).  The NSRE 
survey data were selected because they were considered to be the most locally relevant.  
Additionally, national recommendations listed in the Chapter 16 of the Exposure Factors 
Handbook (USEPA 2011) are for freshwater pools only.  The Handbook does not include 
frequency or duration values for non-pool swimming.   


Both the percent non-swimmer variable and the swimming frequency of swimmers variable were 
used as separate inputs to create a composite distribution representative of both swimmers and 
non-swimmers.  The percent non-swimmers (30%) was inserted into the equation as a bimodal 
custom distribution (taking the value 0 for non-swimmers and the value 1 for swimmers).  The 
swimmer variable (0 or 1) result was multiplied by the swimming frequency (Tevent1) variable 
calculated during each Monte-Carlo iteration.  The net effect of using both terms was to produce 
a composite swimming frequency distribution representative of the entire population, including 
both swimmers and non-swimmers.  Swimming duration, expressed as hours per day, was 
entered as a triangular distribution with extreme values of 10 minutes and 4 hours, and a most 
likely value of 1 hour. This value corresponds to the upper value suggested by U.S. EPA for 
swimming duration, assuming swimming frequency is 150 d/yr (Table 15-18, U.S. EPA 1997). 


Table 2-9.  Custom swimming frequency distribution, expressed in events per year, used in 
probabilistic analyses.  


Minimum 
(Events/Year) 


Maximum 
(Events/Year) 


Probability 


1 5 0.24 
5 10 0.18 


10 15 0.18 
15 30 0.17 
30 50 0.11 
50 70 0.08 
70 100 0.02 


100 150 0.02 
150 175 0.01 
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2.4.8 Surface Area of the Skin 
To estimate contaminant intake through dermal absorption, it is necessary to estimate the area of 
the skin that is in contact with water while swimming.  For this calculation, it was conservatively 
assumed that the entire surface of the skin is in contact with water.  Surface area was entered in 
the risk calculation as a distribution generated by the Monte-Carlo simulation based on the body 
weight distributions used for each population. For each iteration, the body weight result was used 
to calculate a surface area value through the equation: SA = BW0.6821 * 1025 (CEHT 2008). 


2.4.9 Dermal Absorption Factors 
As noted previously, Equations 2-7 and 2-8 were used to estimate exposure via dermal 
exposure.  Point values for variables used in Equation 2-7 and 2-8 were taken from the Risk 
Assessment Guidance for Superfund Part E (U.S. EPA 2004) and the Part E Excel spreadsheet 
(http://www.epa.gov/oswer/riskassessment/ragse/pdf/org04_01.xls).  


The U.S. EPA has recently revised guidance regarding the use of dermal doses calculated with 
Permeability Coefficients (PCs) outside of the model’s Effective Predictive Domain (EPD), 
recommending that they be presented in the uncertainty section of risk assessments rather than in 
the main body of the risk assessment 
(www.epa.gov/oswer/riskassessment/ragse/index.htm#implementation). It is unclear whether 
inaccuracy produced by use of PCs outside of the EPD result in an over- or underestimation of 
risk for a given chemical. 


As previously noted, the 2008 Baseline Risk Analysis concluded that there is significant 
additional exposure route for hexaclorobutadiene, pentachlorophenol, total (carcinogenic) PAHs, 
acenapthene, anthracene, flouranthene, flourene, and pyrene via dermal exposure routes.  Table 
2-10 lists the parameter specific point estimate values used in Equations 2-7 and 2-8.  Although 
all are expected to be absorbed through the skin, permeability coefficients (PCs) used to estimate 
dermal absorption for pentachlorophenol, total (carcinogenic) PAHs, acenapthene, anthracene, 
flouranthene, flourene, and pyrene lie outside of the EPD (U.S. EPA 2004).  As a result, there is 
additional uncertainty about the accuracy of the dermal intake predictions for these chemicals.  
In view of this uncertainty, the HHPRC advised the Department that it should not include a 
dermal absorption for these parameters.  Inclusion of dermal exposure for parameters with PCs 
within the effective predictive domain was justified.  DEP has followed the committee's 
recommendation and included dermal absorption in the calculation of hexachlorobutiene criteria.  
Molecular weight (MWT), skin permeability coefficient (Kp), and fraction absorbed (FA) for the 
other seven parameters are presented in Table 2-10 for informational purposes only. 


Table 2-10.  Molecular weight (MWT), skin permeability coefficient (Kp), and fraction absorbed 
(FA) for the eight parameters with significant dermal absorption routes.   


CHEMICAL MWT Kp 
(cm/hr) 


FA Notes 


Fluoranthene 202.3 0.2235 1.0  
Hexachlorobutadiene 260.8 0.08093 0.9  
Pentachlorophenol 266.4 0.01385 0.9  
Acenaphthene 154.2 0.4162 1.0 Surrogate (fluoranthene) 



http://www.epa.gov/oswer/riskassessment/ragse/pdf/org04_01.xls
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CHEMICAL MWT Kp 
(cm/hr) 


FA Notes 


Anthracene 178.2 0.3051 1.0 Surrogate (fluoranthene) 
Fluorene 166.2 0.3563 1.0 Surrogate (fluoranthene) 
Pyrene 202.3 0.2237 1.0 Surrogate (fluoranthene) 
Total PAH 241.7 0.8165 0.9 Calculated based on average values for Benzo-


a-anthracene, Benzo-a-pyrene, Benzo-b-
fluoranthene, Chrysene, 
Dibenzo(a,h)anthracene, Indeno(1,2,3-CD) 
pyrene, and Phenanthrene 


 


2.5 Criteria Derivation 
As previously explained, the proposed non-carcinogen human health criteria were derived with 
an objective of achieving a 90% certainty of not exceeding the RfD.  Criteria for carcinogens 
were derived with the objective of not exceeding an incremental cancer risk of 1 in 1,000,000 
(10-6) at the arithmetic mean of the risk distribution  and no more than a 1 in 100,000 (10-5)  
incremental increase in risk at the 90th percentile.  Monte-Carlo analysis using a high number of 
iterations was used to solve for the surface water quality criterion (SWQC) necessary to achieve 
the target risk level for each parameter.  Parameter specific toxicity values (RfD, CSF, BCF, and 
relative source contribution) are listed in Table 2-11, and the population distributions described 
in Section 2.4 are listed and summarized in Table 2-12.   


There have been changes to numerous RfD and cancer slope factors since the existing SWQC 
were developed.   These changes include the following: 


• There are updated cancer slope factors for benzene, carbon tetrachloride, chlordane, 
dichloromethane, hexachloroethane, PCBs, pentachlorophenol, tetrachloroethene, 2,4-
dinitrotoluene, tetrachloroethene, and trichloroethene; 


• Chloroform is no longer considered a carcinogen.  EPA states that the RfD for noncancer 
effects is derived from the most sensitive endpoint in the most sensitive species. The RfD 
is based on fatty cysts formation (fat accumulation) in the liver and elevation of Serum 
glutamic pyruvic transaminase (SGPT) in dogs (Heywood et al. 1979).  Hepatic fat 
accumulation and elevated SGPT are considered early signs of impaired liver function 
resulting from chloroform-induced cytotoxicity. This effect occurs at doses at or below 
those that cause increased labeling index, morphological changes, or cellular necrosis, so 
protection against this effect is believed to protect against cytolethality and regenerative 
hyperplasia. Accordingly, the RfD of 0.01 mg/kg/day can be considered protective 
against increased risk of cancer (http://www.epa.gov/iris/subst/0025.htm).  Use of the 
new RfD rather than the previous CSF results in a considerably higher chloroform 
criterion. 


• Florida’s existing beryllium , Lindane (gamma-BHC), and 1,1-Dichloroethene criteria 
were based on an assumption of carcinogenicity.  Recently, however, the EPA has 
withdrawn its cancer slope factors for these three parameters and now considers ingested 
beryllium, Lindane (gamma-BHC), and 1,1-Dichloroethene to be non-carcinogenic.  The 
proposed criteria are based on EPA’s newer RfDs. 
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• Udpated RfDs for hexachlorocyclopentadiene, nitrobenzene, thallium, and toluene from 
IRIS. 


• Updated CSFs for 1,2-dichloropane, 4,4'-DDE, bromoform, chlorodibromomethane, 
dichlorobromomethane, and hexachorobutadiene are available from peer reviewed 
sources.  Revision of the CSFs for these parameters was recommended by the HHPRC.  
The CSFs all came from EPA published documents generated by either the EPA 
Superfund or Drinking Water programs.   The CSF for 1,2-Dichloropropane was taken 
from EPA Health Effects Assessment for 1,2-Dichloropropane, EPA/600/8-88/029.  The 
CSFs for 4,4’-DDE (note that DEP did not add a criterion for 4,4’-DDE because it is a banned 
pesticide) and Hexachlorobutadiene were taken from EPA Health Effects Support Documents for 
1,1-Dichloro-2,2-bis(p-chlorophenyl)ethylene(DDE) (EPA 822-R-08-003) and 
Hexachlorobutadiene (EPA 822-R-03-002), respectively.   The CSFs for bromoform, 
chlorodibromomethane, and dichlororomomethane were taken from Drinking Water Criteria 
Document for Brominated Trihalomethanes, EPA 822-R-05-011. 


These toxicity values and distributions served as inputs into the calculations (i.e., Equations 2-3 
and 2-4), via repeated random sampling (Monte-Carlo simulation) from the applicable 
distributions, to simulate population characteristics and estimate risks.   


The revised criterion level for each parameter was found by initially specifying a likely range 
within which the protective SWQC was contained.  Software (Oracle Crystal Ball Release 11.1) 
was used to run the risk analysis based on the population distributions for a number of trials until 
a concentration achieving the target risk was obtained.  A total of 20,000 iterations per parameter 
were conducted.   


The inputs to the exposure equations (Equations 2-5 through 2-8) were randomly varied based 
on the defined distributions (with the exception of BCFs) for each model iteration within a trial.  
Results from the applicable exposure equations, combined with parameter specific toxicity data 
and randomly varied body weights, were fed into either Equation 2-3 or 2-4, depending on 
whether the parameter under consideration was a carcinogen or non-carcinogen.  The value of 
the SWQC was varied between trials by the software until the target risk was achieved at the 
mean for carcinogens or 90th percentile for non-carcinogens of the simulated risk distribution.  A 
stable solution typically required 30 to 40 trials, although the number of required trials was 
highly dependent on the initially specified range.  Occasionally, the software would fail to find 
an appropriate SWQC within the specified range.  This failure was either due to the initial range 
either being too broad or not including the correct solution.  In either case, a new range was 
specified and iterative analysis was re-run until the correct solution was obtained.  The procedure 
to derive the human health criteria using the probabilistic approach is conceptually summarized 
in Figure 2-10. 


Sensitivity reports were generated for each parameter subsequent to the criteria setting 
procedure.  These assumption reports quantified the sensitivity of the risk distribution to each 
assumption (input distribution).  The sensitivity results are presented in Appendix E.   Values in 
the appendix are rank correlation coefficients calculated by the Crystal Ball software. 


Table 2-11.  List of parameter specific toxicity values for carcinogens (C) and non-carcinogens 
(NC).  Toxicity values were entered into the Monte-Carlo analyses as point values and were not 
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varied.  Reference dose (RfD) and relative source contribution (RSC) apply only to non-
carcinogens, while cancer slope factors (CSF) apply only to carcinogens. 


Effect Parameter RfD CSF BCF RSC 
C 1,1,2,2-Tetrachloroethane  0.2 5 N/A 
C 1,1,2-Trichloroethane  0.057 4.5 N/A 
C 1,2-Dichloroethane  0.091 1.2 N/A 
C 1,2-Dichloropropane  0.036 4.1 N/A 
C 1,2-Diphenylhydrazine  0.80 24.9 N/A 
C 1,3-Dichloropropene  0.10 1.9 N/A 
C 2,4,6-Trichlorophenol  0.011 150 N/A 
C 2,4-dinitrotoluene  0.311 3.8 N/A 
C 3,3'-Dichlorobenzidine  0.45 312 N/A 
C Acrylonitrile  0.54 30 N/A 
C Aldrin  17 4670 N/A 
C Arsenic (Inorganic)  1.5 44 N/A 
C b-BHC  1.8 130 N/A 
C Benzene  0.015 5.2 N/A 
C Benzidine  230 87.5 N/A 
C Bis(2-Chloroethyl)ether  1.1 6.9 N/A 
C Bis(2-Ethylhexyl) Phthalate  0.014 130 N/A 
C Bromoform  0.0046 3.75 N/A 
C Carbon Tetrachloride  0.07 18.75 N/A 
C Chlordane  0.35 14100 N/A 
C Chlorodibromomethane  0.043 3.75 N/A 
C DDT  0.34 53600 N/A 
C Dichlorobromomethane  0.034 3.75 N/A 
C Dichloromethane  0.002 0.9 N/A 
C Dieldrin  16 4670 N/A 
C Heptachlor  4.5 11200 N/A 
C Heptachlor epoxide  9.1 11200 N/A 
C Hexachlorobutadiene  0.04 2.78 N/A 
C Hexachloroethane  0.04 86.9 N/A 
C Isophorone  0.00095 4.38 N/A 
C N-Nitrosodimethylamine  51 0.026 N/A 
C N-Nitrosodi-n-propylamine  7 1.13 N/A 
C N-Nitrosodiphenylamine  0.0049 136 N/A 
C PCB  2 31200 N/A 
C Pentachlorophenol  0.4 11 N/A 
C Tetrachloroethene  0.0021 30.6 N/A 
C total PAH1  7.3 30 N/A 
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Effect Parameter RfD CSF BCF RSC 
C Toxaphene  1.1 13100 N/A 
C Trichloroethene  0.046 10.6 N/A 
C Vinyl chloride  1.4 1.17 N/A 
NC 1,1,1-Trichloroethane 2  5.6 1 
NC 1,1-Dichloroethene 0.05  5.6 0.2 
NC 1,2,4-Trichlorobenzene 0.01  114 0.2 
NC 1,2-Dichlorobenzene 0.09  55.6 0.2 
NC 1,3-Dichlorobenzene 0.0134  55.6 1 
NC 1,4-Dichlorobenzene 0.0134  55.6 0.2 
NC 2,4-Dichlorophenol 0.003  40.7 1 
NC 2,4-Dimethylphenol 0.02  93.8 1 
NC 2,4-Dinitrophenol 0.002  1.5 1 
NC 2-Chloronaphthalene 0.08  202 1 
NC 2-Chlorophenol 0.005  134 1 
NC 2-Methyl-4,6-Dinitrophenol 0.00039  5.5 1 
NC Acenaphthene 0.06  242 1 
NC Acrolein 0.0005  215 1 
NC Anthracene 0.3  30 1 
NC Antimony 0.0004  1 0.4 
NC Beryllium 0.002  18.9 1 
NC Bis(2-Chloroisopropyl)ether 0.04  2.47 1 
NC Butylbenzyl phthalate 0.2  414 1 
NC Chlorobenzene 0.02  10.3 0.2 
NC Chloroform 0.01  3.75 1 
NC Diethyl phthalate 0.8  73 1 
NC Dimethyl phthalate 10  36 1 
NC Di-n-Butyl phthalate 0.1  89 1 
NC Endosulfan  0.006  270 1 
NC Endosulfan sulfate 0.006  270 1 
NC Endrin 0.0003  3970 0.2 
NC Ethylbenzene 0.1  37.5 0.2 
NC Fluoranthene 0.04  1150 1 
NC Fluorene 0.04  30 1 
NC Hexachlorocyclopentadiene 0.006  4.34 0.2 
NC Lindane (gamma-BHC) 0.0003  130 0.2 
NC Methyl bromide 0.0014  3.75 1 
NC Nitrobenzene 0.002  2.89 1 
NC Pyrene 0.03  30 1 
NC Selenium 0.005  4.8 1 
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Effect Parameter RfD CSF BCF RSC 
NC Toluene 0.08  10.7 0.2 
NC 1,2 (trans) Dichloroethylene 0.02  1.58 0.2 


1.  Total PAHs (carcinogen PAHs) are the sum of Benzo-a-anthracene, Benzo-a-pyrene, Benzo-b-
fluoranthene, Chrysene, Dibenzo(a,h)anthracene, Indeno(1,2,3-CD) pyrene, and Phenanthrene 
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Figure 2-10.  Conceptual flowchart of the process used to find the value of each SWQC that 
would achieve a Hazard Quotient of 1.0 at the 90th percentile or cancer risk of 10-6 at 
the mean.  The number of random draw iterations (j) was set to 20,000 for all 
parameters.   
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Subsequent to the criteria derivations, a series of probabilistic risk assessments were conducted 
for each parameter, which used the same distributional and toxicity inputs employed during the 
criteria setting procedure (Tables 2-11 and 2-12). These probabilistic risk assessments were 
conducted to characterize the level of risk to the population and to confirm that a stable solution 
had been established for all parameters.  The risk analyses were run at a high number of 
iterations (100,000) to fully characterize the range of risks for the population and to ensure a 
stable solution (Figure 2-11 and 2-12).  Additionally, a risk analysis was run for carcinogens 
using the Florida species consumption distribution to verify that the 90th percentile of the 
population and subsistence fishers (142.4 g/day) would be protected at the 10-5 and 10-4 levels, 
respectively.  Although a prior risk analysis, based on the Degner survey, included risk 
assessments for sub-populations (African-American and Asian), the current final risk assessment 
did not include such sub-populations because the available data precluded meaningful 
extrapolation to sub-populations.  The Degner Survey has been demonstrated to be out of date 
and unreflective of current commercial patterns; therefore, it must also be concluded that sub-
population patterns must also be out of date.  Finally, although NHANES data are available for 
some sub-populations, there is insufficient information to quantify the distribution of Florida 
landings among sub-populations. 
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Figure 2-11.  Example (chloroform) HQ risk distributions for a non-carcinogen at the proposed 
SWQC.  Monte-Carlo analyses were run for a total of 100,000 iterations.   
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Figure 2-12.  Example (bromoform) risk distributions for a carcinogen at the proposed SWQC.  
Monte-Carlo analyses were run for a total of 1000,000 iterations.   
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Table 2-12.  List of input distribution fit parameters and distributional percentiles used in probabilistic risk analyses.  
Parameters for percent lipid and swimming frequency are described in Tables 2-8 and 2-9, respectively.  Percentiles are 
based on the results of 100,000 Monte-Carlo iterations. 


   Body 
Weight (Kg) 


Drinking Water 
(mL/dayI) 


Comm. Fish 
Consumption 


(g/day) 


Rec. Fish 
Consumption 


(g/day) 


Comm. 
Species Lipid 


(%, ) 


Rec. Species 
Lipid (%, FL) 


Swim freq. 
(Event/yr, SF) 


Swim time 
(hr/event, Tevent) 


Distribution Lognormal Lognormal Lognormal Calculated Custom Custom Custom Triangular 


 Distributional 
Parameters 


Mean = 
79.96, Std. 


Dev.= 20.73, 
Min.=44. 


Mean=1,291.49, 
S.D.=657.16, 
Max.=5.019 


Location=-0.15, 
Mean=2.11,Std. 


Dev.=2.63, Min=0 


Location=-0.53, 
Mean=23.97,St
d. Dev.=28.46, 


Min=0 


   Min.=0.17, 
Likeliest=1, 
Max.=5.00 


Pe
rc


en
til


e 


5 52 598 0.19 2.95 0.85 0.50 0.62 0.62 


10 57 595 0.32 4.34 1.10 0.60 0.80 0.80 


20 63 737 0.55 6.78 1.42 0.79 1.07 1.06 


30 68 862 0.77 9.32 1.74 0.99 1.32 1.32 


40 73 987 1.04 12.16 2.06 1.42 1.59 1.59 


50 78 1,117 1.34 15.45 2.37 1.86 1.89 1.89 


60 83 1,265 1.73 19.66 2.67 2.19 2.22 2.22 


70 89 1,446 2.26 25.41 2.99 2.46 2.59 2.58 


80 96 1,690 3.06 34.23 3.45 2.94 3.03 3.03 


90 107 2,094 4.66 51.46 3.91 3.47 3.60 3.60 


95 118 2,494 6.60 72.09 4.55 3.73 4.01 4.00 
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3 Results 
DEP evaluated 84 parameters through the use of probabilistic risk based analyses for potential 
revision of existing criteria listed in Rule 62-302.530, F.A.C., or addition to the rule.  The criteria 
as calculated for 76 parameters are listed in Table 3-1 (the table does not include criteria for 
banned pesticides or parameters for which current toxicological data does not support criteria 
revision at this time).  Criteria were compared to existing aquatic life criteria listed in the rule, 
and if the aquatic life end-point was more sensitive, then the more stringent aquatic life based 
criterion was retained.  DEP is proposing to add or revise water quality criteria for 71 parameters 
based on the protection of human health.   


Dermal adsorption during swimming was evaluated for hexachlorobutadiene.   It was found that 
excess risk existed for both Class I and II/III waters when dermal absorption was taken into 
consideration (Figure 3-1).  Therefore, the Class I and II/III were iteratively reduced to achieve 
the target risk level of 10-6 at the mean of the distribution.  Criteria for hexachlorobutadiene are 
reported in Table 3-1 both with and without consideration of dermal absorption.   
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Figure 3-1. Class I and II/III cancer risk distributions for hexachlorobutadiene with additional 
consideration for dermal absorption during swimming.  The risk analysis was based on Class I 
and II\III criteria of 1.5 and 184 µg/L, respectively. 


Table 3-1.  Proposed revised human health criteria for Florida Class I and Class II, III, and III-
Limited (listed under Class III) waters.  Criteria values are listed with expanded significant 
figures as calculated from the probabilistic analysis.  Final criteria will be rounded to 2-
significant figures consistent with EPA guidance and the accuracy of toxicity data.   


Non-carcinogen Carcinogen 
Parameter Class I 


(µg/L) 
Class III 


(µg/L) 
Parameter Class I 


(µg/L) 
Class III 


(µg/L) 
1,1-Dichloroethene 343 16800 1,1,2,2-Tetrachloroethane 0.298 20.5 
1,2 (trans) Dichloroethylene 138 23818 1,1,2-Trichloroethane 1.0 79.9 
1,2,4-Trichlorobenzene 52.1 165 1,2-Dichloroethane 0.661 188 
1,2-Dichlorobenzene 539 3046 1,2-Dichloropropane 1.7 139 
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Non-carcinogen Carcinogen 
Parameter Class I 


(µg/L) 
Class III 


(µg/L) 
Parameter Class I 


(µg/L) 
Class III 


(µg/L) 
1,3-Dichlorobenzene 401 2267 1,2-Diphenylhydrazine 0.0703 1.03 
1,4-Dichlorobenzene 80.2 453 1,3-Dichloropropene 0.600 108 
2,4-Dichlorophenol 93.3 693 2,4,6-Trichlorophenol 3.8 12.4 
2,4-Dimethylphenol 545 2006 2,4-dinitrotoluene 0.192 17.4 
2,4-Dinitrophenol 69.2 12544 3,3'-Dichlorobenzidine 0.0699 0.1461 
2-Chloronaphthalene 1744 3726 Acrylonitrile 0.103 1.27 
2-Chlorophenol 125 351 Aldrin 0.000241 0.000258 
2-Methyl-4,6-Dinitrophenol 13.4 667 b-BHC 0.0243 0.0876 
Acenaphthene 1218 2333 Benzene 4.0 263 
Acrolein 10.6 21.9 Benzidine 0.000209 0.00102 
Anthracene 9625 94081 Bis(2-Chloroethyl)ether 0.0538 2.70 
Antimony 5.5 1017 Bis(2-Ethylhexyl) Phthalate 3.1 11.3 
Beryllium 64.6 673 Bromoform 13.0 1189 
Bis(2-Chloroisopropyl)ether 1382 152358 Carbon Tetrachloride 0.817 15.6 
Butylbenzyl phthalate 3085 4545 Chlordane 0.00406 0.00416 
Chlorobenzene 136 3654 Chlorodibromomethane 1.4 127 
Chloroform 345 25088 DDT 0.00112 0.00113 
Diethyl phthalate 22971 103103 Dichlorobromomethane 1.8 161 
Dimethyl phthalate 315265 2613370 Dichloromethane 30.1 11393 
Di-n-Butyl phthalate 2756 10571 Dieldrin 0.000256 0.000274 
Endosulfan1  116 209 Heptachlor 0.000395 0.000407 
Endosulfan sulfate1 116 209 Heptachlor epoxide 0.000195 0.000201 
Endrin1 0.137 0.1422 Hexachlorobutadiene 1.50/1.122 184/4.332 


Ethylbenzene 628 5018 Hexachloroethane 1.2 5.90 
Fluoranthene 286 327 Isophorone 62.7 4928 
Fluorene 1283 12544 N-Nitrosodimethylamine 0.00118 15.5 
Hexachlorocyclopentadiene 41.3 2601 N-Nitrosodi-n-propylamine 0.00860 2.59 
Lindane 1.5 4.34 N-Nitrosodiphenylamine 8.8 30.8 
Methyl bromide 48.3 3512 PCB 0.000325 0.000329 
Nitrobenzene 69.1 6511 Pentachlorophenol 0.146 4.66 
Pyrene 963 9408 Tetrachloroethene 26.4 319 
Selenium1 171 6621 total PAH3 0.00760 0.0936 
Toluene 542 14068 Toxaphene1 0.00139 0.00142 
   Trichloroethene 1.3 42.1 
   Vinyl chloride 0.0430 12.5 
1.  Aquatic life criterion is more stringent than the values listed in the table.  The final criterion was based on aquatic 
life protection. 
2.  Criteria values for hexachlorobutadiene are reported based on calculation without and with inclusion of dermal 
exposures during swimming in surface waters.  The first number represents calculation of criterion without 
consideration of dermal absorption and the second number is the criterion value with dermal absorption. 
3.  Total PAHs (carcinogen PAHs) are the sum of Benzo-a-anthracene, Benzo-a-pyrene, Benzo-b-fluoranthene, 
Chrysene, Dibenzo(a,h)anthracene, Indeno(1,2,3-CD) pyrene, and Phenanthrene. 
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Probabilistic risk analyses using Monte-Carlo simulations (consisting of 100,000 iterations) were 
conducted to verify that the target risk level had been achieved and to characterize risk levels 
across the population, including individuals at lower (5th percentile) and higher (99th percentile) 
exposure levels.  The results, which are summarized in Appendix F, show that the target risks 
were achieved for both carcinogens and non-carcinogens.  The vast majority of the adult 
population is expected to experience risk levels well below 1.0 or 10-6 for non-carcinogens or 
carcinogens, respectively.  Furthermore, the risk analysis indicated that the 90th percentile 
Floridian will be protected at better than 10-5 increased cancer risk and highly exposed 
individuals will be protected at better than 10-4 for carcinogens.   


Additionally, risk analyses were conducted to assess risks for subsistence fishers.  EPA's national 
default fish consumption rate for subsistence fishers is 142.4 g/day.  This consumption rate is 
equivalent to assuming that subsistence fishers eat one 5-ounce meal of Florida fish per day.  
National EPA policy states that subsistence fishers must be protected at least at the 10-4 level for 
carcinogens.  Probabilistic risk analyses using Monte-Carlo simulation (100,000 iterations) were 
conducted to assess the risks for subsistence fishers (Appendix G).  The fish consumption rate 
was held constant at 142.4 g/day for this analysis.  The remaining inputs (body weight, lipid 
content, drinking water, and swimming) were entered into the risk assessment as distributions 
(Table 2-12). Use of these distributions assumes that general population statistics such as 
weight, drinking water intake, and swimming are also representative of the population of 
subsistence fishers.  Risk values listed in Appendix G represent the range of risks that may be 
experienced by subsistence fishers within the state of Florida.  The risk analysis demonstrates 
that, while most subsistence fishers will exceed the 10-5 risk level, all were below a 10-4 
probability of increased cancer risk, even for the most sensitive and highly exposed individuals 
(i.e., 99th percentile).   


3.1 Uncertainty 
The 2008 Baseline Risk Analysis listed a number of uncertainties that potentially affected the 
risk analysis.  Many of these same uncertainties still exist.  The uncertainties listed in the 
Baseline Risk Analysis, with modifications to reflect the current analysis and current 
understandings, are repeated below. 


The toxicity values used for this analysis (RfDs and CSFs) were developed by the U.S. EPA for 
regulatory purposes and are conservative.  For example, most of the RfDs include large 
uncertainty factors (see Section 2.4.1 and Appendix C).  The actual thresholds of adverse health 
effects are probably well above the RfD value. While the use of uncertainty factors helps ensure 
a minimal possibility of an adverse health effect, it should be recognized that a dosage that 
exceeds the RfD (i.e., a HQ > 1) does not necessarily indicate that toxicity is likely. Similarly, 
the CSFs developed by the U.S. EPA reflect a number of conservative choices in risk 
extrapolation. These include the assumption of a linear, non-threshold dose-response relationship 
for cancer, interpretation of animal carcinogenicity data, and dose-metrics for extrapolation of 
results from rodents to humans.  As a result, cancer risk estimates using these values reflect high-
end estimates of risk.  Therefore, while the following uncertainties in the criteria calculations 
exist, they are balanced by the factors considered in setting the RfD and CSF values.   







 


51 


 


1. The risk calculations assume that for each population, all of the drinking water ingested 
and all the fish consumed were exposed to water contaminated at a concentration equal 
to the SWQC.  While this is theoretically possible, a more likely scenario is that only a 
portion of a surface water body reaches the SWQC, while the remainder has contaminant 
concentrations that are much lower.  It is further highly unlikely that fish consumed by 
the typical commercial consumer will all come from the same waterbody and thus have a 
constant contamination level.  It is more likely that the fish consumed will have varying 
levels of contamination potential with many fish characterized as having little or no 
contamination.  


2. It is expected that fish will move between areas of greater potential contamination (e.g., 
near a discharge) to areas with lesser contamination.  Due to depuration that occurs when 
fish are in uncontaminated waters, it is expected that fish tissue will likely have lower 
contamination levels than predicted under the scenario of continuous exposure.  Even if 
some fish remain in the area of greatest contamination, it is unlikely that these fish 
comprise all of the fish in an average person’s diet.  However, it is possible that there are 
individuals (primarily subsistence fishers) within the population who routinely fish in 
waters directly affected by a discharge, perhaps due to convenience and proximately.  
These individuals are more likely than the general population to eat fish that meet the 
continuous exposure assumption.  Additionally, there are large segments of the 
population who use waterbodies affected by large urban drainage areas and runoff (e.g., 
Tampa Bay), which likely contains contaminants such as PAHs (Yates et al. 2011).  This 
runoff has a high potential to affect segments of the waterbodies and thus increase 
exposure levels to fish and ultimately humans who consume the fish.  It is these highly 
exposed individuals that the criteria are meant to protect.  The SWQC represent the 
maximum degradation of water quality that still provides health protection to highly 
exposed individuals who may routinely use a waterbody.   


3. The concentration in fish predicted by uptake models is assumed to be the concentration 
in fish when ingested.  Most fish are cooked prior to ingestion and cooking may lead to 
loss of some contaminants.  The extent of loss depends upon the physical-chemical 
properties of the contaminant, food preparation techniques, and cooking method, and 
may be quite variable and difficult to quantify.  Most studies in the literature regarding 
the loss of contaminants due to cooking have focused on PCBs and organic pesticides, 
and these studies have found losses ranging from 0 to 75%. A summary of the literature 
and discussion of cooking loss appears in Appendix C of the 2008 Baseline Risk 
Analysis.  The HHPRC initially supported using a conservative 0.9 cooking loss factor 
(10% loss) for organics, but the consensus was to rely on the results of the 
Trihalomethane (THM) cooking loss study conducted by DEP.  DEP completed the 
cooking loss study data and determined that there was not a statistically significant 
reduction in THMs due to cooking, and as such, DEP concluded that a cooking loss term 
should not be included (the report was subsequently distributed to the HHPRC for 
comment).    


4. The analysis includes three possible pathways of exposure for Class I waters, and three 
pathways of exposure for Class II and III waters.  For Class I waters, exposure is 
estimated for direct ingestion of surface water, ingestion from fish consumption, and 
dermal contact while swimming.  For Class III waters, exposure is estimated for 
incidental ingestion while swimming, ingestion from fish consumption, and dermal 
contact while swimming. There are other potential pathways, such as inhalation of 
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indoor water vapors emanating from water used by household appliances such as 
dishwashers and washing machines.  However, it is expected that the potential 
contribution of sources of exposure not included in this analysis is minimal. 


5. There are likely additional non-environmental exposures to non-carcinogenic 
contaminants that were not considered during EPA’s development of the RSC values.  
For example, grilling and charring food actually increases the amount of PAHs (e.g., 
anthracene) in the food 
(http://www.epa.gov/osw/hazard/wastemin/minimize/factshts/pahs.pdf).  However, EPA 
has not suggested an RSC value for PAHs to reflect this potential additional source. 


6. When calculating the SWQC and associated risks, BCFs published by EPA were used.  
These BCF values represent only uptake via diffusion from the water and can 
substantially underestimate accumulation for highly hydrophobic chemicals.  A 
bioaccumulation factor (BAF) would more accurately represent the total uptake of 
hydrophobic chemicals into fish tissue, and would include uptake from water, sediments, 
and food.   However, default BAF values have not been developed and the most accurate 
BAF values are developed on a site specific basis to fully account for trophic 
interactions.  


7. When calculating risks associated with Class I SWQC, it was assumed that all drinking 
water and fish consumed were from Class I waters.  In fact, an individual consuming 
drinking water from a Class I water body might obtain a significant fraction of their fish 
from Class III waters, which have higher SWQC.  As such, the approach used could 
result in an underestimate of contaminant intake from fish for those individuals. 


8. This analysis calculated risks associated with individual chemicals at their SWQC 
concentrations.  It is conceivable that exposure could occur to more than one 
contaminant at the same time, and that these contaminants could produce a cumulative or 
even synergistic toxicity.  Many of the contaminants under consideration affect the same 
organ (typically liver) and thus cumulative effects are more likely (see Appendix C).  A 
chemical-by-chemical assessment of risk, as conducted in this analysis, could 
underestimate risks from more than one chemical in combination. 


9. Risks to children were qualitatively addressed.  The Degner et al. (1994) study showed 
that children consumed less fish at home than adults on an absolute weight basis, but on 
a per kilogram body weight basis, the risk estimates could be higher than those 
calculated for adults.  Also, there is reason to suspect that drinking water ingestion rates 
for children, per unit body weight, are greater than adults.  Considering both pathways 
(fish ingestion and, for Class I water, drinking water ingestion), it is possible that the risk 
distributions derived for adults underestimate risks for children.  However, the risk 
assessments are meant to represent lifetime exposures and EPAs default RfDs and CSFs 
were developed based on assumptions of lifetime exposure, unless early life 
developmental effects were identified as the most sensitive end-point.  EPA considers 
early life effects when developing RfD values.  If insufficient data exist to characterize 
these risks, EPA applies an uncertainty factor of 3 or 10 and reduces the RfD to ensure 
full protection of children.   


10. The risk characterization for non-carcinogens assumes that relative source contribution 
(RSC) of commercial fish imported to Florida (i.e., non-Florida fish) is insignificant.  
However, it is clear that Floridians eat more fish than can be supported by Florida 
commercial or recreational landings and eat fish that do not occur in Florida waters.  It is 
unlikely that these imported fish are totally free from contaminants.  It is likely that 



http://www.epa.gov/osw/hazard/wastemin/minimize/factshts/pahs.pdf
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Floridians are in fact being exposed to additional un-quantified doses, which increase 
risk of exceeding the RfD.  Ideally, DEP and EPA would account for the RSC from 
imported fish and lower the RfD accordingly.  However, EPA has not historically used 
the RSC in this manner because there is very limited information upon which to develop 
a defensible RSC for imported fish, with the exception of mercury.  Additionally, DEP 
only has authority for Florida waters, and federal agencies, such as the US Food and 
Drug Administration, are responsible for ensuring national food safety.  
 
U.S. EPA maintains a database of fish tissue contamination results from around the 
nation (http://fishadvisoryonline.epa.gov/FishTissue.aspx).  However, this information is 
not suitable for the purpose of developing RSC values.  The majority of data are for 
mercury, and DEP has addressed the mercury issue by recently completing a Statewide 
TMDL for mercury.   Sampling sites in the database are not representative of waters 
across the United States, but rather are representative of contaminated sites, including 
near discharge outfalls.  The majority of sites within the database are within inland 
freshwaters (Figure 3-2), while most the imported fish consumed in Florida are marine or 
estuarine in origin.  It is highly unlikely that the data are representative of ambient 
conditions within waters serving as commercial fisheries.  For example, a great amount 
data exist for the Great Lakes, but commercial fisheries have been largely non-existent in 
the Great Lakes for the past 40 years.   
 
Much of the tissue data are also reported as below the detection limit, indicating that 
either the waterbody was not contaminated or that the detection limit was not low enough 
to detect the contaminant.  The database lacks the metadata required to assess the quality 
of data (e.g., sufficiency of detection limits) and the reliability of individual studies or 
data points for the purpose of develop an appropriate RSC. 
   
The U.S. EPA fish tissue database contains data only for wild fish from the United States.  
However, the commercial seafood market is increasingly becoming dominated by 
aquaculture products and products imported from Asia and South America. There are 
little to no data to estimate the contamination level of these sources for the parameters 
under consideration.  There is a possibility that these imported commercial fish are 
contaminated at some level, particularly for the more persistent and pervasive 
compounds; therefore, they may represent an uncertain additional risk of exposure.  
Ultimately, protection of public health from contaminants within commercially seafood is 
under the purview of the U.S. FDA (http://www.fda.gov/Food/FoodSafety/Product-
SpecificInformation/Seafood/FoodbornePathogensContaminants/) and is beyond the 
control of Florida DEP.   
 
 



http://fishadvisoryonline.epa.gov/FishTissue.aspx

http://www.fda.gov/Food/FoodSafety/Product-SpecificInformation/Seafood/FoodbornePathogensContaminants/)

http://www.fda.gov/Food/FoodSafety/Product-SpecificInformation/Seafood/FoodbornePathogensContaminants/)
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Figure 3-2.  Map of fish tissue sampling locations within the U.S. EPA National Listing of Fish 
Advisories database (http://fishadvisoryonline.epa.gov/FishTissue.aspx).  Screen 
capture was taken on June 20, 2012. 


 


4 Conclusions 
With expert input provided by the HHPRC, DEP developed proposed human health criteria for 
71 parameters using an approach that builds on the 2008 Baseline Risk Analysis and addresses 
expert input from the HHCPRC (see Appendix A),.  Thirty-four are currently listed in Rule 
62.302.530, F.A.C., and the remaining 37 are proposed as new criteria for parameters listed by 
EPA as priority pollutants.  As noted in Section 1.4, DEP considered adding criteria for all of the 
priority pollutants, but decided not to add criteria for banned pesticides and those compounds not 
found in Florida waters.   


DEP evaluated the methods available to derive human health criteria and concluded that the 
probabilistic approach, which uses distributions of inputs that are representative of the target 
population(s), produces the most accurate and thorough assessment.  The probabilistic approach 
provides an estimation of the risk to the entire population and can be used to develop criteria at a 
pre-specified risk level as opposed to an assumed high level of protection produced by the 
deterministic approach.  


For the probabilistic risk based approach, each criterion for non-carcinogens was set at level 
necessary to achieve a hazard quotient of 1.0 at the 90th percentile or a cancer risk of 10-6 at the 
mean of the population risk distribution for carcinogens.  This risk assessment included 
distributions of exposure variables (e.g., fish consumption, drinking water) and variables that 
affect the response to exposures (e.g., body weight, fish tissue lipid content).  All proposed 
criteria meet the target risk levels for the general adult population.  Additionally, risk analyses 



http://fishadvisoryonline.epa.gov/FishTissue.aspx
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indicate that Florida’s high risk individuals will still be protected at better than the 10-4 level for 
carcinogens, and in fact, they will be protected at better than 10-5, with the exception that some 
subsistence fishers may exceed the 10-5 level.  Furthermore, there is still considerable 
conservatism built into the criteria.  For example, EPA applies multiple uncertainty factors to 
lower the reference dose (RfD), which reduces the RfD by several orders of magnitude.  A very 
small segment of the population may potentially exceed the target risks, due to high level 
exposure, but it is highly unlikely that they will actually exceed doses that will result in an 
adverse health effect given the remaining conservatism associated with the RfD.  Therefore, DEP 
has concluded that the proposed water quality criteria are highly protective of human health. 
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Appendix A.  Human Health-Based Peer Review Committee 
Consensus Report 


 


  


Human Health Peer Review Committee:  


Discussion of Charge Questions 


October 8 and 9, 2012 


Florida Dept. Environmental Protection 


 


The Human Health Peer Review Committee (HHPRC) panelists included Dr. Elizabeth Doyle 
(US Environment Protection Agency Office of Water), Dr. Kendra Goff (Florida Dept. of 
Health), Dr. Raymond Harbison (University of South Florida), Dr. Dale Hattis (Clark 
University), Dr. Charles Jagoe (Florida Agricultural and Mechanical University), Dr. Susan 
Klasing (California Environment Protection Agency), and Dr. Chris Teaf (Florida State 
University).   


In preparation for the meeting, the panelists reviewed DEP’s Human Health Criteria Technical 
Support Document and the public comments/questions submitted to DEP on the issue.  They 
received these charge questions in advance of the meeting and were prepared to express their 
expert opinion on each topic.  The meeting moderator was Dr. Stephen Roberts (UF).  After the 
meeting, the panelists reviewed this document and provided final input. 


 


I)   Application of a probabilistic approach, rather than a deterministic approach. 


1)  The Florida Department of Environmental Protection (Department or DEP) used a 
probabilistic approach to develop criteria at a specified risk level to provide protection 
to Florida residents.  Do you agree that this approach represents an improvement over 
the standard deterministic approach? 


The panel agreed that use of the probabilistic approach was generally superior to the 
deterministic approach, with the following additional discussion: 
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• DEP should clearly express the goals of the analysis. DEP subsequently stated that 
the goal was to develop water quality criteria that ensured protection of Florida 
residents to a specified level of risk for carcinogens (10 -6 for the general population 
and 10 -5 for high risk [90th percentile] Floridians), and for the 90th percentile of the 
population to not exceed the reference dose for non-carcinogens.  The targeted 
protection is from risk posed by waters regulated under surface water standards, 
specifically freshwaters and near shore marine waters. 


• The probabilistic approach could theoretically be applied to uncertainty factors 
associated with the reference dose or cancer slope factors and to estimates of human 
sensitivity.  However, the panel agreed that, while this was a good idea, additional 
research would be needed before Florida could incorporate these concepts in 
standards. 


Consensus: Use of the probabilistic approach was superior to the deterministic 
approach where appropriate data are available. 


 


2) Do you have any other input on how to strike an adequate balance between reducing 
excessive conservatism with the need to protect Floridians from adverse health effects 
over a lifetime? 


During the discussion, panelists offered the following opinions: 


• The assessment should be consistent with other DEP risk management decisions and 
policies. 


• A member suggested an approach in which the likelihood of both cancer and non-
cancer effects are considered in probability terms, and protection is defined as a 
specific probability of real harm within a specified confidence interval (e.g., 1 in 
100,000 chance of a significant adverse effect with 95% confidence).  This approach 
would require fundamental revision in the way that reference doses are used [it was 
pointed out that standard reference doses may be too high to meet such a definition]. 
After further discussion, the panel concluded that this approach was not widely 
accepted and its application to revision of Chapter 62-302 would be premature. 


• There should be flexibility on what constitutes negligible risk, noting that the 
Department of Health uses an incremental increase of cancer risk of 10 -5 when 
issuing fish consumption advisories, assuming one eight ounce meal per week (32 
g/day). 


• If the water quality criterion corresponding to an incremental increase of cancer risk 
of 10 -6 for the general population (i.e., at the 50th percentile) was similar to the 
criterion corresponding to an incremental risk of 10 -5 for high risk Floridians (i.e., at 
the 90th percentile), the risk management decision would be essentially the same. 
Determining this “adequate balance” is a policy/risk management choice.   


Consensus: In conclusion, the group’s opinion included:  1) that excessive 
conservatism could be reduced by using data distributions, where possible, 2) that a 
management decision could be based on incremental increase of cancer risk of 10 -6 
at the 50th percentile as long as 90th percentile Floridians were protected at 10 -5, and 
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3) that a probability of adverse effect approach for non-cancer effects was not 
widely accepted. 


II)  Toxicological input variables for individual parameters  


1) The Department relied on toxicological information in IRIS.  Is this the most recent 
information available?  If you are aware of more recent data that the Department should 
consider, has it been peer reviewed in a manner similar to the IRIS process, and can you 
articulate why it would be adequate for use in deriving water quality criteria? 


Panelists stated: 


• The toxicity data source should be better specified in the TSD, as data from some 
compounds (e.g., dichloropropane, benzene, thallium, chloromethane) did not appear 
to originate from IRIS.  


• California EPA, ATSDR, Health Canada, and the Netherlands government have more 
recent information than IRIS for some parameters, and use of this information 
potentially could be acceptable to EPA and DEP with proper documentation.  A 
hierarchy of toxicological references should be developed to guide DEP’s 
toxicological input variable selection. 


• California EPA, Office of Environmental Health Hazard Assessment (OEHHA), has 
developed a new (2010) cancer slope factor for benzo[a]pyrene that includes an age-
dependent adjustment factor (ADAF).  It is included in the Public Health Goal (PHG) 
for benzo[a]pyrene and can be found, with supporting information: 
• http://oehha.ca.gov/water/phg/091610phgs.html 
• http://oehha.ca.gov/water/phg/pdf/091610Benzopyrene.pdf  


• Information on other PHGs and reference exposure levels are found at: 
• http://oehha.ca.gov/water/phg/allphgs.html 


Consensus: The panel concluded that use of IRIS data is acceptable unless more 
recent, peer reviewed data (six compounds were mentioned, including thallium) are 
available, and that DEP should establish a hierarchy of sources for use in criteria 
derivation and clearly note which source was used in the TSD. 


 


2)   DEP used a probabilistic approach to estimate exposure, but relied on IRIS input values 
for the toxicological information.  Should DEP use probabilistic methods for toxicity 
assumptions, and if so, how can DEP address the uncertainty in the toxicological data, 
including the uncertainty factors used?  Do you know of ways to quantify the degree of 
uncertainty in the methodology? 


Consensus: Although technically feasible, HHPRC members did not think it was  
widely accepted or practical to address the uncertainty in toxicity assumptions using 
a probabilistic approach at this time.  One member described an innovative 
approach, where pharmacokinetics and pharmacodynamics could be used to 
estimate the variability in toxicology targets for each group of non-carcinogens 
through a traditional probit type population dose-response relationship.  The 



http://oehha.ca.gov/water/phg/091610phgs.html

http://oehha.ca.gov/water/phg/pdf/091610Benzopyrene.pdf

http://oehha.ca.gov/water/phg/allphgs.html
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opinion of the group was that, although this idea had merit, it was beyond the scope 
of accepted current practices. 


 


III) Exposure input variables   


1)  General  


a) The equations assume that the concentration of the parameter is present in Florida 
waters at the criterion concentration and that fish are constantly exposed to that 
concentration.  How should DEP account for the fact that there is significant spatial 
and temporal variability in concentrations and that some fish species move over 
significant distances? 


 The group discussed the following points: 


• Several members said they did not know how to account for spatial and temporal 
variability in concentrations. 


• One member noted that, because fish integrate contaminants over time, a model could 
theoretically be established to estimate the concentration of a given contaminant in 
fish, as long as the fluctuations in ambient water column concentrations were known 
and the rate of absorption/depuration in fish were known.  The model would allow a 
series of predictions that could be checked against empirical data.  However, 
quantitatively addressing this question is currently too difficult given the available 
data. 


• Another member noted that water quality criteria are designed to establish an upper 
bound, beyond which there is the potential for adverse effects, and the criteria should 
ensure that those effects are not realized.  Therefore, assuming that all fish are 
residing in surface waters that approach/equal the maximum allowable level provides 
a conservative and protective method for developing water quality criteria.  Excluding 
fish that are not freshwater or nearshore estuarine taxa is one way to address excess 
conservatism in this approach. 


• One member noted that it would be possible to compare empirically observed 
concentrations of contaminants in fish with those that would be predicted using the 
favored steady state/constant exposure assumption.  This would allow development of 
mean correction factors and distributions of observed/predicted fish concentrations 
for use in making more accurate distributional descriptions of this uncertainty.  
However, this was considered to be a longer term research project that would require 
appreciable time, funding and effort. 


Consensus: Assuming fish are exposed at concentrations equal to the water quality 
criteria is a conservative element, but the data are not currently available to develop 
a quantifiable method to account for the variability in concentrations and exposure 
to fish.  As such, the consensus was to continue to rely on this assumption as a 
conservative measure, but that DEP could address this issue in permitting. 
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b) When permitting dischargers, how might the Department issue an allowable mixing 
zone for the HH WQC that takes into account fish mobility, the potential for human 
exposure, and the likely frequency of human exposure? 


 The discussion included the following: 


• There were some questions from the HHPRC to DEP about how limits were set in 
permits, and DEP replied that mixing zones have been established for human health-
based criteria on a site-specific basis, and that other States also issue such mixing 
zones. 


• It is unlikely that fish are exclusively living near a discharge and that people 
exclusively fish at a discharge, so allowing mixing zones makes sense from the risk 
management perspective. 


• The decision to grant mixing zones should be based on site-specific information. 
• Subsistence fishers should be taken into account and be protected from carcinogens at 


the 90th percentile of the 10 -4 additional cancer risk.  The EPA uses the 99th percentile 
per capita fish ingestion rate for subsistence fishers as consumers for ambient water 
quality criteria. 
 


Consensus: No consensus was reached regarding how to account for fish mobility, 
potential for human exposure and frequency of human exposure, but there was 
support for site-specific mixing zones from a risk management perspective. 


 


2)   Fish Consumption Rate (Note that this question was addressed out of order.) 


a)  DEP used results from the 1994 Degner study to estimate fish consumption rates for 
Florida, after comparing the results to more recent studies (NHANES).   Does the 
Degner Study represent the best available estimate of fish consumption by 
Floridians?  If not, what consumption data would you recommend, and why?  Or how 
could the Department adjust the Degner Study to incorporate more recent 
information? 


Group discussion ranged as follows: 


• The value of the types of data provided in the Degner study, including fish ingestion 
data by species, information on cooking methods, etc. was acknowledged by the 
panel, but there were significant concerns that the study is outdated and may not 
reflect current consumption rates.   


• Two options for approaches DEP could take emerged from discussions by the panel: 
• Option 1: Use the same fish consumption distribution employed by the EPA to 


derive their 17.5 g/day national fish consumption rate.  Use current NHANES 
data on fish consumption to compare regional ingestion rates with national 
ingestion rates.  If the regional ingestion rate is confirmed to be higher, use the 
comparison data to adjust the fish ingestion distribution used by EPA upward.  
Because offshore species are already excluded from the 17.5 g/day national fish 
consumption rate, no further adjustment for species included, landings, etc. is 
needed.  
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• Option 2: Use a fish ingestion distribution derived from regional NHANES fish 
consumption data.  Because these data reflect total fish consumption, adjustment 
in the distribution would be needed.  Data from Degner et al. and other sources 
should be used to adjust consumption rates to exclude off-shore species, farm-
raised fish, and imported fish (e.g., through landings adjustment).  


• Time permitting, the panel thought it would be useful for the DEP to examine both 
approaches. 


• Different opinions were expressed regarding the need to correct the fish consumption 
distributions to reflect annual average consumption rates given that all of the 
candidate fish consumption distributions are based upon consumption on only a few 
survey days.  Opinions that a correction was important or not important were 
expressed.    


• Some members were concerned with the assumption that all fish caught in Florida are 
eaten in Florida. 


• The 90th percentile fish consumption rates from 2005 NHANES (for finfish, oysters, 
and shrimp/crabs) were used for the Deepwater Horizon evaluation, but NHANES 
data does not distinguish between marine and estuarine fish. 


• The Degner Study does provide for species level data, but as more fish (marine fish) 
are excluded from the distribution, the resolution of the Degner Study is less valuable. 


• A member asked about consumption rates for subsistence fishermen, and was 
informed that the EPA estimate is 142 g/day, with a different risk target. 


• Because there are no data to indicate that Floridians are currently experiencing health 
problems due to inadequate water quality standards based on the 6.5 g/day 
consumption rate, an opinion was expressed that large adjustments are probably not 
necessary, making use of the national guidance (17.5 g/day) protective. Another 
member countered that absent a specific study designed to determine such health 
effects, in should not be assumed that current risks are acceptable. 


 


Consensus:  The HHPRC concluded that alternatives to the Degner Study were 
preferable, rather than further adjustments.  The HHPRC recommended two 
approaches.  The first would be to adjust the distribution from which the national 
fish consumption guidance rate (17.5 g/day) was derived using the ratio of NHANES 
consumption rates for the Southeast states over the National average NHANES 
consumption rates. The HHPRC preferred that the distribution for the adjusted 
national recommendation be used, rather than a point estimate, but it was not clear 
whether the data were available.  The HHPRC acknowledged that NHANES data 
included offshore fish and concluded it would be difficult to make adjustments in 
the NHANES data directly to exclude offshore fish or to make other landings 
adjustments to the distribution.  The second approach would be to use recent SE 
NHANES consumption data (distribution), and adjust the rates to exclude non-
Florida fish and offshore fish using the Florida species-specific distributions in the 
Degner study. 


 
Based upon the ideas expressed by the HHPRC, DEP developed another approach that 
consists of developing separate consumption distributions for commercial and 
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recreational consumption patterns.  During review of this document, DEP received 
HHPRC feedback on the method, which is referred to as “Option 3”. The Florida-specific 
commercial fish (and shellfish) consumption pattern would be developed using the past 
10 year’s of fish-specific available commercial landings data and a distribution would be 
developed using the NHANES consumption data distribution. As recommended by the 
panel, this would ensure that Florida commercial consumption patterns would be directly 
related to seafood available from Florida waters.   A separate recreational consumption 
pattern would be developed directly from the Degner survey data based only on the 
recreational portion of consumption, as long as recent data confirm the assumption that 
recreational consumption patterns of fresh and estuarine fish have not changed 
significantly since the Degner study.   
 
The two distributions would be included in the Monte Carlo simulation along with a 
custom distribution describing the probability that an individual is: 
• a non-consumer of fish (6%); 
• a consumer of only commercial fish; or  
• a consumer of both recreational and commercial fish.   
Consumers of only commercial fish would be assigned a rate from the commercial 
distribution, while the rate for recreational consumers would be assigned as the sum of 
recreational and commercial.  Non-consumers would be assigned a rate of 0 g/day.  The 
probability that an individual is a recreational consumer would be based on the number of 
Florida anglers (as determined in Fish and Wildlife Surveys) divided by the total adult 
population.  Preliminary review of the available information suggests that the percentage 
of resident anglers is between 13 and 20 percent.   


 
This approach is based on the HHPRC’s observation that the consumption of Florida 
seafood cannot exceed Florida landings.  If a lognormal consumption distribution is 
assumed, then the area under the consumption curve can be calculated as the arithmetic 
mean rate multiplied by the total population that consumes seafood.  Therefore, the 
average consumption rate cannot exceed total landings divided by the number of 
consumers, termed the landings mean.  DEP proposes to develop a commercial 
consumption distribution based on the NHANES distribution adjusted to the landings 
mean as shown in the figure below.  Commercial landings are to be calculated using 
inshore species only and adjusted for edible fraction based on the best available yield 
conversion factors.  Use of this approach assumes that: 1) national NHANES data are 
representative of the variability among Florida consumers, and 2) the ratio between the 
percentiles of the Florida and NHANES consumption distributions is nearly equivalent to 
the ratio between the means of the two distributions.  
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Where, 


NHANES0.5 = the median (geometric mean) of the NHANES distribution 


NHANES0.95 = the 95th percentile of the NHANES distribution 


Mean adjustment = Landings Mean/NHANES Mean 


Total Landings = Upper 95% C.I. of the ten-year mean (grams commercial landings) 


Total adult population = 2010 Census count of Florida adults adjusted for an assumed 
non-consumer population of 6% (i.e., 94% of the 2010 adult population). 


While Option 3 relies on the national NHANES distribution because it is readily 
available, DEP is investigating the use of either the national NHANES distribution (as 
described in the 2011 Exposure factors handbook) or the development of a SE regional 
NHANES distribution.  DEP has not determined whether there is a similar distributional 
summary on a regional scale for all adults.  Development of a regional distribution may 
require additional time to develop, and one member remarked that timely application of 
the shorter term option without the regional distribution reflects a major step forward in 
developing a scientifically defensible criteria approach. 


HHPRC Feedback on Option 3:   
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Several members supported option 3 with the following suggestions or caveats.  When considering a 
commercial landings adjustment, in addition to adjusting for edible fraction (filets), one member 
recommended to take into account food wastage statistics at the wholesale, retail and household level, to 
better determine what is ultimately consumed.  One member recommended that the output from option 3 be 
reviewed to ensure reasonable results.  One panelist suggested that DEP consider adding children’s fish 
consumption data to the distributional analyses. 


 


  


b) Do you have any comments regarding the assumptions (landings adjustment, percent 
non-consumers, weekly consumption probability, consumption distribution, and intra-
individual variability as an auto-correlation) and approach used to translate 7-day 
recall survey into long-term consumption distributions?  Are there any alternate 
statistical approaches you can suggest to better quantify fish consumption by 
Floridians? 


Consensus: Given that the HHPRC recommended alternatives to the Degner Study, 
it did not reach consensus on these issues.  The alternative approaches are described 
in the consensus for the previous question. 


c)   EPA recommends that States include fresh and estuarine fish (not marine fish) for 
estimates of fish consumption. DEP selected Florida species, and excluded cod, 
conch, imitation crabmeat (pollock), freshwater crayfish, breaded fish fillets, 
fishsticks, haddock, halibut, herring, whole lobster (Homarus americanus), mussels, 
orange roughy, salmon, sardines, swordfish, canned tuna, and fresh tuna.  However, 
DEP included some species that tend to occupy high salinity areas, such as 
amberjack, dolphin, and grouper. Which types of fish should be included in the 
consumption rate? How should DEP account for marine species that spend the 
majority of their lifecycle in ocean waters where concentrations of pollutants are low 
(or undetectable) and not directly linked to land-based sources?  If so, how should 
the marine species be selected? 


Panelists offered the following points: 


• The panel agreed that non-nearshore marine fish should be excluded. 
• One member thought that offshore fish should be given some weighting since 


they might eat inshore prey and bioaccumulate contaminants, however, other 
panelists did not think this could be adequately quantified. 


• Spending a small portion of the life-cycle inshore is unlikely to result in long-term 
retention of contaminants except for metals. 


• Weighting and exclusion criteria should be transparent. 
Consensus: The panelists agreed that fish that are not expected to be directly linked 
to Florida land based sources of contamination should be excluded (or significantly 
“down-weighted”) from the criteria derivation process.  This would include those 
species that spend the majority of their life cycle offshore, imported species, or those 
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produced via aquaculture.  This is important if option 2 in 2a above is pursued.  
Any weighting and exclusion factors should be transparent. 


 


3)  Relative Source Contribution (RSC) 


DEP used the EPA recommended RSC factors for non-carcinogens.  Given that DEP is 
currently excluding non-Florida species, which could include exclusion of marine fish, do 
you have any recommendations on RSCs beyond the EPA recommendations?   


Are you aware of any more recent information to update the RSCs? 


Panelists offered the following points: 


• DEP could attempt to take into account Florida-specific risks and exposures if 
data were available, but the data are not available. 


• EPA designed the RSCs to be primarily address drinking water exposure, not 
surface waters in general, so DEP should only apply RSCs to Class I waters. 


• The maximum RSC used by the EPA is 0.8 
Consensus: The panelists concluded that the EPA default RSCs are reasonable for 
all parameters. 


 


4)  Exposure via Drinking Water 


Public drinking water systems that use surface waters as their source water are required 
to provide treatment (including filtration and chlorination), but the amount of treatment 
for each priority pollutant is not known and not taken into account in the derivation of 
the HH WQC.  Do you know of any way to take this treatment into account when deriving 
the criteria?   


Consensus: While panelists thought that data could be collected to compare input to 
output or pre- vs. post- treatment concentrations of contaminants in drinking water 
facilities, the consensus was that such data did not exist, and no statewide 
adjustment was currently possible.  The panel did agree that contaminants that are 
bound to particulates (e.g., PAHs) would not be expected in treated drinking water. 


  


5)  Bioconcentration Factors (BCFs) 


 DEP used EPA-recommended BCFs.  Do you know of any more recent studies that would 
provide updated BCFs?   


 Should DEP use probabilistic methods for BCF or BAF assumptions and is there an 
accepted, scientifically defensible basis for doing so? 
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 Some public comments suggested that compounds with relatively low BCF values (<100) 
have a limited potential for bioconcentration.  Should DEP treat compounds with low 
BCF values differently those with higher values and if so in what manner?  Are you 
aware of empirical data that demonstrates that fish exposed to a compound with BCF < 
100 do not accumulate the compound? 


• The discussion included the lipid adjustment factor associated with the EPA BCFs, 
that there were no readily available alternate BCFs, and whether to adjust BCFs <100 
to a value of 1.  One panel member stated that the BCF values used by DEP date back 
to the 1980s and that the values were standardized to a lipid content of 1% and not the 
3% assumed by DEP. 


Consensus:  DEP should use EPA-recommended BCFs as point values (not 
probabilistic estimates), and use the actual BCF values, including those less than 
100.  After the meeting, DEP re-reviewed the EPA-recommended BCFs, and 
confirmed that the original criteria were standardized to 3% lipid content.  


 


6)  Dermal Absorption 


 Is there sufficient scientific basis to include dermal absorption exposures for several 
parameters (acenaphthene, anthracene, fluoranthene, fluorene, pyrene, 
pentachlorophenol, total PAHs, and hexachlorobutadiene)?  Do you agree with inclusion 
of dermal absorption factors in the empirical derivation of the criteria?  Conversely, are 
the uncertainties associated with dermal absorption too great to justify their inclusion of 
in the derivation of HH WQC?  Are there other more scientifically defensible approaches 
that could be used to address additional exposure via dermal absorption?  


The following were discussion points: 


• DOH does not use dermal absorption for fish consumption advisories due to 
uncertainty, and instead set the targets for beach sediments at the MDL. 


• EPA applies dermal absorption for recreational (swimming) exposure, not exposure 
via showering.   


• Several panelists thought that dermal absorption of PAHs via water is extremely 
unlikely and irrelevant to criteria development, and DEP should not use dermal 
absorption for PAHs because they end up in sediments, not water. 


• There was discussion about the fact that permeability coefficients (Kp) are outside the 
effective predictive model domain for the most the parameters adjusted for dermal 
absorption by DEP.  EPA’s Risk Assessment Guidance for Superfund Sites clearly 
states that a risk analysis must acknowledge the uncertainty in Kp values, but also 
states that dermal absorption needs to be addressed.  Several panelists expressed the 
opinion that perhaps a complete risk analysis should be conducted in the future and 
that the use uncertainty or adjustment factors (e.g., 5, 10) would be more defensible at 
this time for the parameters outside the effective domain. 


Consensus:  Because the baseline risk analysis determined that dermal exposure via 
swimming was significant for some chemicals, DEP should use dermal absorption in 
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the derivation of criteria using adjustment factors for those with Kp values outside 
of the effective predictive model domain (potentially, except for PAHs), but not 
include exposure from showering/bathing because drinking water is treated and 
must meet drinking water standards. 


 


7)  Cooking Loss 


 DEP did not include a cooking loss term in the derivation of the criteria.  Do you have 
any information that would support such a term?  Should cooking loss be included in 
DEP’s methodology for deriving HH WQC? 


• Other states use cooking loss terms from 30% to 50% in deriving their criteria. 
• The DEP lab shared recently collected data that indicated 20% or less loss of 


trihalomethanes (THMs) when cooked under controlled laboratory conditions (pre- 
vs. post-cooking r2 ~0.8).  Because THMs are thought to be more volatile than most 
contaminants, these results suggest cooking loss may not be as significant as other 
States believed. 


• The panel discussed the variability and inconsistency in the data regarding cooking 
loss, and therefore perhaps the data are insufficient to support a specific adjustment 
factor. 


Consensus: While there was some initial support for using a conservative 0.9 
cooking loss factor (10% loss) for organics, the consensus was to rely on the results 
of the THM cooking loss study conducted by DEP.  DEP has completed its review of 
the cooking loss study data and determined that there was not a statistically 
significant reduction in THMs due to cooking, and as such, DEP concluded that a 
cooking loss term should not be included. The final report will be provided to the 
HHPRC as soon as possible (within the next few weeks).  One panelist stated a need 
to review the DEP cooking loss study to ensure it was sufficient for deciding that a 
cooking loss factor was not needed. 


IV) Landings adjustment for fish consumption  


1) DEP adjusted the consumption estimates from the Degner Study to account for the fact 
that extrapolation of the survey results to the entire population would result in Floridians 
eating more fish than were actually caught in Florida during the study.  Do you agree 
with the approach described in the TSD?  Is there a way to recognize that landings data 
are reported as whole fish, while edible portions typically represent only 30-60% of the 
fish by weight in the landings adjustment?   


• Panelists agreed that Florida landings adjustments for the Degner Study were 
scientifically defensible, and that, if landing adjustments were needed, they should 
reflect only edible portions of fish (and to consider wasted food).  However, as noted 
previously, the HHPRC recommended two alternative approaches to the Degner 
Study fish consumption distribution.   







 


69 


 


Consensus: The HHPRC concluded that landings adjustments are not appropriate 
for the approach that adjusts the national fish consumption guidance (17.5 g/day) 
using a ratio derived from Southeast NHANES consumption rate to the National 
average NHANES consumption rate.  For the second approach, which would use 
recent SE NHANES consumption data (distribution) and adjust it to exclude non-
Florida fish and offshore fish using the Florida species specific distributions in the 
Degner study, the HHPRC supported application of the landings adjustment and 
applying reduction factors to account for the edible portions of the landings 
adjusted data, as well as excluding marine fish. 


 


2) Is there a way to account for the sustainable production of Florida waters, if it is found 
that consumption of Florida species is greater than the sustainable yield?  If so, how 
should landings adjustment be modified to account for long-term sustainability? 


• One panelist mentioned a public presentation that indicated that estimated 
consumption was 20 times the sustainable yield, and another panelist wondered if the 
calculations were correct and asked if sustainable yield data were available.  


Consensus: The panel agreed that DEP should take into account available 
information about the sustainable yield when evaluating the estimated consumption 
rates to ensure they are realistic.  This concept was implemented in Option 3 
discussed above. 


 


V) Appropriate risk levels for the general population and high risk groups 


1) In the draft TSD sent to the HHPRC, the draft criteria for carcinogens were set using a 
target of an increased risk of 1 x 10-6 for the 90th percentile Floridian and the draft 
criteria for non-carcinogens were set using a hazard index (HI) of one for the 90th 
percentile.  The Department of Health issues advisories when fish tissue concentrations 
exceed levels representative of a 1 X 10-5  risk levels.  Florida Statues for remediation 
suggest reducing increased risk to a 1 x 10-6 level.  Given the various levels of 
conservatism in the methodology, would it be appropriate to set the criteria at levels that 
would protect the average Floridian at 1 x 10-6 and ensure that at least the 90th percentile 
Floridian (representative of more highly exposed populations like recreational 
fishermen) are protected at 1 x 10-5? 


2)  How does the risk level compare to other States and the Florida Department of Health 
policies? 


This question was skipped during the meeting, but written comments from the HHPRC 
were received. 


HHPRC member comments:  
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• One member thought that the level should not be adjusted until a probabilistic 
analysis is performed to assess the expected changes in risk distributions in the 
population, allowing an informed policy/risk management decision. 


• Another panelist stated they were comfortable with 10 -6 increased risk for the general 
population and 10 -4 increased risk for subsistence fishers. 


VI) Appropriate averaging time for the criteria.  


1) The current criteria for carcinogens are expressed as “annual means.”  Given that the 
method for derivation of the criteria for carcinogens is generally described as presuming 
a life-time exposure (70 years), what is the appropriate averaging period associated with 
the criteria for carcinogens?   


Consensus: Annual averaging is appropriate for carcinogens. 


2) In cases where the detection limit is orders of magnitude above the criteria, a single 
value above the MDL will greatly influence the mean value.    Would it be more 
appropriate to express the criteria as a median value or some other expression?  Are 
there other expressions that would account for atypical detections? 


• One panelist noted that some programs assume the compound is not present if less 
than 5% of the values are above the MDL. 


• If a positive result above the MDL occurs, DEP should follow up with confirmatory 
testing prior to taking regulatory action. 
 


Consensus:  This is a DEP regulatory decision. 


3) Are there any methods to take into account lifetime residency (or the lack thereof) of 
Floridians when deriving HH WQC?   


• Although the average Florida residency is 33 years, lifelong residents (70 years) 
should also be protected 


Consensus: Can use length of residency adjustments in the derivation as long as 
lifelong residents are adequately protected at the 90th percentile.  However, the 
inclusion of residency time may not be appropriate for all non-carcinogens. 


4) The criteria for non-carcinogens were previously expressed as single-sample maximums, 
but DEP proposed to change the expression to monthly averages. What is the appropriate 
duration expression of the criteria for non-carcinogens and what factors should be 
considered when making that decision?   


Consensus: Monthly averaging is appropriate (and conservative) for non-
carcinogens. 


VII)   Method Detection Limits 


 Many of the proposed criteria may be below method detection limits, and Florida rules (Rule 
62-4.246, F.A.C.), states that values below the detection limits shall be assessed as half the 
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MDL or half the criterion, whichever is lower.  For values between the MDL and the 
Practical Quantification Limit (PQL), the value is set at the MDL.  Do you agree with this 
approach or do you have alternate statistical methods to account for the effect of analytical 
detection limits on practical implementation of HH WQC? 


Consensus: Current approach in Rule 62-4.246 is appropriate. 


VIII) Overview Questions (these were not discussed during the meeting but some panelists 
provided written comments) 


1)  Is the proposed approach consistent with EPA guidance, with appropriate modifications to ensure adequate 
protection for Florida’s residents?  Some panelists answered “yes” and some did not comment in 
writing.  One member stated that the TSD must be well organized and transparent with regard to 
assumptions and their application in the assessment, and that DEP should consider a summary table 
that clearly lists the assumptions used and the rationale for each major input into the assessment. 


 


2)  Did DEP adequately address issues of uncertainty when deriving the HH WQC? 


Some panelists answered that use of the probabilistic approach largely addresses 
this issue and some did not comment in writing. 


3) Are there any Florida-specific conditions not in the current proposed approach that that 
need to be considered during derivation of the HH WQC, and if so, how? 


Some panelists answered that they knew of no additional information that would 
improve Florida’s approach and some did not comment in writing. 
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Appendix B.  Human Health-Based Water Quality Criteria: Chemical Classes and Uses. 
Parameter CAS Also Known As Chemical 


Formula 
Chemical Class Uses 


1,1,1-Trichloroethane 71-55-6 Methyl chloroform C2H3Cl3 Chlorinated Hydrocarbon 
(Chlorinated alkane) 


As a solvent removing grease from machined metal products, 
in textile processing and dyeing and in aerosols. 


1,1,2,2-
Tetrachloroethane 


79-34-5 Acetylene 
tetrachloride 


C2H2Cl4 Chlorinated Hydrocarbon 
(Chlorinated alkane) 


As a refrigerant (R-130), solvent, an intermediate in 
production of other chemicals, used in pesticides (fumigant). 


1,1,2-Trichloroethane  79-00-5   C2H3Cl3 Chlorinated Hydrocarbon 
(Chlorinated alkane) 


As a solvent, an intermediate in production of other 
chemicals. 


1,1-Dichloroethylene 75-35-4 DCE; 1,1 DCE;            
Vinylidene 
chloride 1,1 


Dichloroethene 


C2H2Cl2 Chlorinated Hydrocarbon 
(Chlorinated alkene) 


Used in making adhesives, synthetic fibers, refrigerants, 
plastic wraps. 


1,2,4-Trichlorobenzene 120-82-1 TCB; 
trichlorobenzene 


C6H3Cl3 Chlorinated Aromatic 
Hydrocarbon (Chlorinated 


benzene) 


Dye carrier in textile industry, an intermediate to make 
herbicides,  solvent, dielectric fluid, degreaser and lubricant.  
It used to be used as a soil treatment for termite control. 


1,2-Dichlorobenzene 95-50-1   C6H4Cl2 Chlorinated Aromatic 
Hydrocarbon (Chlorinated 


benzene) 


An intermediate in systhesis of agricultural chemicals 
(herbicides), a solvent, making dyes, degreaser, coolant, 
deodorizer. 


1,2-Dichloroethane 107062   C2H4Cl2 Chlorinated Hydrocarbon 
(Chlorinated alkane) 


Making chemicals involved in plastics, rubber and synthetic 
textile fibers. Other uses include: as a solvent for resins and 
fats, photography, photocopying, cosmetics, drugs, and as a 
fumigant for grains and orchards. 


1,2-Dichloropropane 78-87-5   C3H6Cl2 Chlorinated Hydrocarbon 
(Chlorinated alkane) 


The greatest use of 1,2-dichloropropane is as a chemical 
intermediate in the production of carbon tetrachloride and 
perchloroethylene, lead scavenger for antiknock fluids, 
solvent.  Other uses have included: ion exchange resin 
manufacture, paper coating, scouring, spotting, metal 
degreasing agent, soil fumigant for nematodes, and 
insecticide for stored grain. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


1,2-Diphenylhydrazine 122-66-7   C12H12N2 Hydrazine Once used in fabric dyes but now is only used to make 
certain medicines. 


1,3-Dichlorobenzene 541-73-1   C6H4Cl2 Chlorinated Aromatic 
Hydrocarbon (Chlorinated 


benzene) 


Used in the production of herbicides, insecticides, 
pharmaceuticals, and dyes; however, its uses in registered 
pesticides have been cancelled . 


1,3-Dichloropropene 542-7-56   C3H4Cl2 Pesticide (Chlorinated 
Hydrocarbon - Chlorinated 


alkene) 


Mainly in farming as a pesticide. 


1,4-Dichlorobenzene 106-46-7   C6H4Cl2 Chlorinated Aromatic 
Hydrocarbon (Chlorinated 


benzene) 


Used to control moths, moulds, and mildew. It also finds use 
as a disinfectant. 


2,4,6-Trichlorophenol 88-06-2   C6H3Cl3 Chlorinated Aromatic 
Hydrocarbon (Chlorinated 


benzene) 


No longer used in the United States.  Previously used as an 
antiseptic; a pesticide for wood, leather, and glue 
preservation; and as an anti-mildew treatment.  It was also 
used in the manufacture of other chemicals.  


2,4-Dichlorophenol 120-83-2   C6H4Cl2O Chlorinated Phenol Has been used in the synthesis of phenoxy acid herbicides, 
including 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-
trichlorophenoxyacetic acid. It can also be formed as a 
byproduct during the manufacturing of various chlorinated 
chemicals, the chlorination processes involving water 
treatment and wood pulp bleaching, and from the 
incineration or combustion of municipal solid waste, coal, 
and wood.  


2,4-Dimethylphenol 105-67-9   C8H10O Cresol In making pharmaceuticals, insecticides, fungicides, dye 
stuffs, rubber chemicals, plastics. 


2,4-Dinitrophenol 51-28-5   C6H4N2O5 Phenolic Compound In the manufacture of dyes and wood preservatives, as a 
pesticide, and as an indicator for the detection of potassium 
and ammonium ions. 


2,4-Dinitrotoluene 121-14-2   C7H6N2O4 Aromatic Hydrocarbon Intermediate in the manufacture of polyurethanes.   
Also used for the production of explosives, for which it is a 
gelatinizing and waterproofing agent.  An intermediate in 
dye processes and in smokeless gunpowders. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


2-Chloronaphthalene 91-58-7   C10H7Cl Chlorinated Aromatic 
Hydrocarbon  


Solvent, wood preservative, immersion oil for testing 
refractive index and as additives in cable insulation, engine 
oil, electroplating compounds and capacitors. Used in 
producing dyes.  


2-Chlorophenol 95-57-8   C6H4Cl2O Chlorinated Phenol Intermediate in production of other chemicals. 


2-methyl-4,6-
dinitrophenol 


534-52-1   C7H6N2O5 Pesticide (Cresol) Insecticide, fungicide, herbicide, defoliant. 


3,3'-Dichlorobenzidine 91941   C12H10Cl2N2 Aromatic amine Used in the past in the production of dyes and pigments; it is 
no longer used to manufacture dyes in the United States. 


4,4'-DDD 
(Dichlorodiphenyl 
dichloroethane) 


72-54-8   C14H10Cl4 Pesticide Pesticide - banned 


4,4'-DDE 
(Dichlorodiphenol 
dichloroethylene) 


72-55-9   C14H8Cl4 Pesticide Product of degradation of DDT. 


4,4'-DDT 
(Dichlorodiphenyl 
trichloroethane) 


50-29-3   C14H9Cl5 Pesticide Pesticide - banned 


Acenaphthene 83-32-9   C12H10 Polycyclic Aromatic 
Hydrocarbon (PAH) 


Used to make dyes, plastics and pesticides. 


Acrolein 107-02-8 Acrylic aldehyde C3H4O Aldehyde Used as a pesticide to control algae, weeds, bacteria, and 
mollusks. It is also used to make other chemicals. 


Acrylonitrile 107-13-1 Vinylcyanide C3H3N Nitrile Primarily used in the manufacture of acrylic and modacrylic 
fibers.  Also used as a raw material in the manufacture of 
plastics (acrylonitrile-butadiene-styrene and styrene-
acrylonitrile resins), adiponitrile, acrylamide, and nitrile 
rubbers and barrier resins. 


Aldrin 309-00-2   C12H8Cl6 Pesticide Soil insecticide to control root worms, beetles, and termites.  
Not used in the US. 







 


75 


 


Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


alpha-BHC 319-84-6 a-HCH C6H6Cl6 Pesticide Byproduct in the production of the pesticide Lindane, found 
in Lindane. 


Anthracene 120-12-7   C14H10 PAH (Polycyclic aromatic 
hydrocarbon) 


In the production of the red dye alizarin and other dyes. 


Antimony 7440-36-
0 


  Sb Metal Primary use is in antimonial lead.  Other uses of antimony 
alloys are for solder, sheet and pipe, bearing metals, castings, 
and type metal.  Antimony oxides (primarily antimony 
trioxide) are used as fire retardants for plastics, textiles, 
rubber, adhesives, pigments, and paper. 


Arsenic (Inorganic) 7440-38-
2 


  As Metalloid with properties of 
metals and non-metals. 


Inorganic arsenic is mainly used to preserve wood.  Copper 
chromated arsenic (CCA) is used to make "pressure-treated" 
lumber. CCA is no longer used in the U.S. for residential 
uses; it is still used in industrial applications.  


b-BHC                                            
(b-
hexachlorocyclohexane) 


319-85-7 b-HCH C6H6Cl6 Pesticide Byproduct in the production of the pesticide Lindane, found 
in Lindane. 


Benzene 71-43-2   C6H6 Aromatic Hydrocarbon As a constituent in motor fuels; as a solvent for fats, waxes, 
resins, oils, inks, paints, plastics, and rubber; in the 
extraction of oils from seeds and nuts; and in photogravure 
printing. It is also used as a chemical intermediate. Benzene 
is also used in the manufacture of detergents, explosives, 
pharmaceuticals, and dyestuffs. 


Benzidine 92-87-5 Diphenylamine C12H12N2 Aromatic amine To produce dyes for cloth, paper, and leather. It is no longer 
produced or used commerically in the U.S. 


Beryllium 7440-41-
7 


  Be Metal Applications in electrical components, tools, structural 
components for aircraft, missiles, and satellites, and other 
metal-fabricating uses. Also used in consumer products, such 
as televisions, calculators, and personal computers. 


Bis(2-Chloroethyl)ether 111-44-4 BCEE   Ether Mainly used as a chemical intermediate to make pesticides, 
but some of it is used as a solvent and cleaner. 


Bis(2-
chloroisopropyl)ether 


108-60-1   C6H12Cl2O Ether Mainly used as a chemical intermediate to make pesticides, 
but some of it is used as a solvent and cleaner. 







 


76 


 


Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


Bis(2-Ethylhexyl) 
Phthalate 


117-81-7 BEHP C24H38O4 Phthalate ester In the production of polyvinyl chloride (PVC). 


Bromoform 75-25-2 Tribromomethane CHBr3 Trihalomethane (THM) Fluid for mineral ore separation in geological tests, as a 
laboratory reagent, and in the electronics industry in quality 
assurance programs. Principal route of human exposure to 
bromoform is from drinking water that has been disinfected 
with chlorine, bromine, or bromine compounds. 
Bromoform was formerly used as a solvent for waxes, 
greases, and oils, as an ingredient in fire-resistant chemicals 
and in fluid gauges. 
It has also been used as an intermediate in chemical 
synthesis, as a sedative, and as a cough suppression agent.  


Butylbenzyl Phthalate 85-68-7 BBP C19H20O4 Phthalate ester Plasticizer in plastics used primarily in vinyl tiles, also in 
food conveyer belts, artificial leather, automotive trim and 
traffic cones. 


Carbon tetrachloride 56-23-5 Tetrachloro-
methane, Freon 10 


CCl4 Chlorinated Hydrocarbon 
(Halomethane) 


Was produced in large quantities to make refrigerants and 
propellants for aerosol cans, as a solvent for oils, fats, 
lacquers, varnishes, rubber waxes, and resins. 


Chlordane 57-74-9 Ortho C10H6Cl8 Pesticide Used as a pesticide in the United States from 1948 to 1988.  
In 1988, all approved uses of chlordane in the United States 
were canceled. 


Chlorobenzene 108-90-7 Benzene chloride C6H5Cl Chlorinated Aromatic 
Hydrocarbon (Chlorinated 


benzene) 


Primary uses are as a solvent for pesticide formulations, 
diisocyanate manufacture, and degreasing automobile parts 
and for the production of nitrochlorobenzene. 


Chlorodibromomethane 124-48-1 Dibromochloro-
methane 


CHBr2Cl Trihalomethane (THM) Used mainly as laboratory reagents.  Most of the bromoform 
and dibromochloromethane that enters the environment is 
formed as byproducts when chlorine is added to drinking and 
waste water to kill bacteria. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


Chloroform 67-66-3 TCM, Freon 20 CHCL3 Trihalomethane (THM) Majority produced in the United States is used to make 
HCFC-22. The rest is produced for export and for 
miscellaneous uses.  May be released to the air from a large 
number of sources related to its manufacture and use, as well 
as its formation in the chlorination of drinking water, 
wastewater, and swimming pools. 


Chloromethane 74-87-3 Methyl chloride 
Freon 40 


CH3Cl Chlorinated Hydrocarbon 
(Halomethane) 


Used mainly in the production of silicones where it is used to 
make methylate silicon. Also used in the production of 
agricultural chemicals, methyl cellulose, quaternary amines, 
and butyl rubber and for miscellaneous uses including 
tetramethyl lead. 


Dichlorobromomethane 75-27-4 Bromodichloro-
methane 


CHBrCl2 Trihalomethane (THM) In laboratories or to make other chemicals. Most is formed as 
a by-product when chlorine is added to drinking and waste 
water  to kill bacteria. 


Dieldrin 60-57-1   C12H8Cl6O Pesticide An insecticide and a by-product of the pesticide Aldrin. 


Diethyl phthalate 84-66-2   C12H14O4 Phthalate ester Used to make plastics more flexible. Products in which it is 
found include toothbrushes, automobile parts, tools, toys, 
and food packaging. 


Dimethyl phthalate 131-11-3   C10H10O4 Phthalate ester Used in solid rocket propellants, lacquers, plastics, safety 
glasses, rubber coating agents, molding powders, insect 
repellants, and pesticides. 


Di-n-Butyl phthalate 84-74-2 DBP C16H22O4 Phthalate ester Added to hard plastics to make them soft.  


Endosulfan    (α)=959-
98-8   


(β)=33213-
65-9  


  C9H6Cl6O3S Pesticide A pesticide to control insects on food and non-food crops 
and as a wood preservative.  Registration has been cancelled 
and it is being phased out.   A mixture of two isomers, alpha 
and beta Endosulfan. 


Endosulfan sulfate 1031-07-
8 


    Pesticide A reaction product found in technical endosulfan. 


Endrin 72-20-8   C12H8Cl6O Pesticide A pesticide to control insects, rodents, and birds.  It has not 
been produced or sold for general use in the US since 1986. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


Endrin aldehyde 7421-93-
4 


    Pesticide An impurity and breakdown product of endrin, or endrin 
ketone, which is a product of endrin when it is exposed to 
light. 


Ethylbenzene 100-41-4   C8H10 Aromatic Hydrocarbon Primarily in the production of styrene. It is also used as a 
solvent, as a constituent of asphalt and naphtha, and in fuels. 


Fluoranthene 206440   C16H10 PAH (Polycyclic aromatic 
hydrocarbon) 


Found as a product of combustion.      


Fluorene 86-73-7   C13H10 PAH (Polycyclic aromatic 
hydrocarbon) 


Obtained from coal tar.  Like most PAHs, fluorene is used to 
make dyes, plastics and pesticides. 


gamma-BHC (Lindane) 58-89-9 gamma-HCH 
(gamma 


hexachloro 
cyclohexane) 


C6H6Cl6 Pesticide Restricted in 1983, currently used primarily for treating wood-
inhabiting beetles and seeds. It is also used as a dip for fleas and 
lice on pets, and livestock, for soil treatment, on the foliage of fruit 
and nut trees, vegetables, timber, ornamentals and for wood 
protection. 


Heptachlor 76-44-8   C10H5Cl7 Pesticide Restricted to controlling fire ants in power transformers. 


Heptachlor epoxide 1024-57-
3 


    Pesticide Created when a substance called heptachlor is released to the 
environment and mixes with oxygen. 


Hexachlorobenzene 118-74-1 Perchlorobenzene C6Cl6 Pesticide There are currently no commercial uses of 
hexachlorobenzene in the United States. 
 Hexachlorobenzene was used as a pesticide until 1965 and 
was also used in the production of rubber, aluminum, and 
dyes and in wood preservation.  
 Hexachlorobenzene is currently formed as a byproduct 
during the manufacture of other chemicals (mainly solvents) 
and pesticides. 


Hexachlorobutadiene 87683   C4Cl6 Chlorinated Hydrocarbon 
(Chlorinated aliphatic diene) 


To make rubber, it is used as a solvent and to make 
lubricants, in gyroscopes, as a heat transfer liquid, and as a 
hydraulic fluid. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


Hexachlorocyclo-
pentadiene 


77474   C5Cl6 Chlorinated Hydrocarbon 
(Cyclodiene) 


As a raw material in manufacturing other chemicals, 
including pesticides, flame retardants, resins, dyes, 
pharmaceuticals, plastics, etc. Hex has no end uses of its 
own. 


Hexachloroethane 67-72-1 PCA 
Perchloroethanes 


C2Cl6 Pesticide (Chlorinated 
Hydrocarbon - Chlorinated 


alkane) 


In the United States, about half of the hexachloroethane is 
used by the military for smoke-producing devices.  Another 
use is in pyrotechnics.  Used as an anthelmintic (to destroy 
tapeworms) in sheep and cattle.  It is also added to the feed 
of ruminants to prevent methanogenesis and increase feed 
efficiency, and it is used as an ingredient in some fungicides 
and insecticides. Hexachloroethane is used in metal and alloy 
production.  Hexachloroethane has various applications as a 
polymer additive.  It has flameproofing qualities and 
increases affinity for dyes.  


Isophorone 78-59-1   C9H14O Cyclic ketone Mainly as a solvent for concentrated vinyl chloride/acetate-
based coating systems for metal cans, other metal paints, 
nitrocellulose finishes, and printing inks for plastics. 
Isophorone is also used in some herbicide and pesticide 
formulations and in adhesives for plastics, polyvinylchloride, 
and polystyrene materials. 
 Isophorone is an intermediate in the synthesis of 3,5-
xylenol, 3,3,5-trimethylcyclohexanol, and plant growth 
retardants. 


Methyl bromide 74-83-9 Bromomethane CH3Br Pesticide (Halomethane) A soil fumigant and structural fumigant to control pests 
across a wide range of agricultural sectors. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


Methylene chloride 75-09-2 Dichloromethane CH2Cl2 Chlorinated Hydrocarbon 
(Halomethane) 


As a solvent in paint strippers and removers; as a process 
solvent in the manufacture of drugs, pharmaceuticals, and 
film coatings; as a metal cleaning and finishing solvent in 
electronics manufacturing; and as an agent in urethane foam 
blowing.  
 Also used as a propellant in aerosols for products such as 
paints, automotive products, and insect sprays.  
 As an extraction solvent for spice oleoresins, hops, and for 
the removal of caffeine from coffee. However, due to 
concern over residual solvent, most decaffeinators no longer 
use methylene chloride.  
Approved for use as a postharvest fumigant for grains and 
strawberries and as a degreening agent for citrus fruit.  


Nitrobenzene 98-95-3   C6H5NO2 Aromatic Hydrocarbon The majority of nitrobenzene is used to manufacture aniline, 
which is a chemical used in the manufacture of polyurethane.  
Nitrobenzene is also used to produce lubricating oils and in 
the manufacture of dyes, drugs, pesticides, and synthetic 
rubber. 


N-
Nitrosodimethylamine 


62-75-9   C2H6N2O Amine Primarily used as a research chemical. Has been used as an 
antioxidant, as an additive for lubricants, and as a softener of 
copolymers. 


N-Nitrosodi-n-
propylamine 


621647   C6H14N2O Amine Chemical produced by industry in small amounts for 
research. As a contaminant in some weed killers. 


N-
Nitrosodiphenylamine 


86-30-6   C12H10N2O Amine To make rubber products such as tires. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


PCB 1336-36-
3 


    Polychlorinated biphenyls 
(PCB) 


Were used in hundreds of industrial and commercial 
applications including electrical, heat transfer, and hydraulic 
equipment; as plasticizers in paints, plastics, and rubber 
products; in pigments, dyes, and carbonless copy paper; and 
many other industrial applications.  


Pentachlorophenol 87-86-5 PCP C6HCL5O Pesticide    (Chlorinated 
Phenol) 


Greatest use of pentachlorophenol is as a wood preservative 
(fungicide). Though once widely used as an herbicide, it was 
banned in 1987 for these and other uses, as well as for any 
over-the-counter sales. 


Pyrene 129-00-0   C16H10 PAH (Polycyclic aromatic 
hydrocarbon) 


To make dyes, plastics and pesticides. It has also been used 
to make another PAH called benzo(a)pyrene.  A product of 
incomplete combustion. 


Selenium 7782-49-
2 


 Se Non-metal Element Used in electronic and photocopier components, also used in 
glass, pigments, rubber, metal alloys, textiles, petroleum, 
medical therapeutic agents, and photographic emulsions. 


Tetrachloroethene 127-18-4 PCE, 
Perchloroethylene 


Perc 


C2Cl4 Chlorinated hydrocarbon 
(Chlorinated alkene) 


For dry cleaning of fabrics and for metal-degreasing. It is 
also used to make other chemicals and is used in some 
consumer products. 


Thallium 7440280   Tl Metal Mostly in manufacturing electronic devices, switches, and 
closures, primarily for the semiconductor industry. It also has 
limited use in the manufacture of special glass and for certain 
medical procedures. 


Toluene 108-88-3   C7H8 Aromatic Hydrocarbon Major use of toluene is as a mixture added to gasoline to 
improve octane ratings. Also used to produce benzene and as 
a solvent in paints, coatings, synthetic fragrances, adhesives, 
inks, and cleaning agents.  
 Also used in the production of polymers used to make 
nylon, plastic soda bottles, and polyurethanes and for 
pharmaceuticals, dyes, cosmetic nail products, and the 
synthesis of organic chemicals. 
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Parameter CAS Also Known As Chemical 
Formula 


Chemical Class Uses 


Total PAHs1  50328 Polycyclic 
aromatic 


hydrocarbons 


  PAH (in rule 62-302, 
carcinogenic PAHs) 


Formed as a result of incomplete combustion of organic 
materials. 


Toxaphene 8001-35-
2 


Camphechlor, 
technical 
toxaphene 


C10H10Cl8 
(approximately) 


Pesticide Toxaphene is a mixture of many different chlorinated 
compounds.  It was primarily used as an insecticide on crops 
and to protect cattle from pests.  It was banned for all uses in 
the United States in 1990. 


trans-1,2-
Dichloroethylene 


156-60-5 1,2-DCE C2H2Cl2 Chlorinated Hydrocarbon 
(Chlorinated alkene) 


As a solvent, an intermediate in production of other 
chemicals. 


Trichloroethylene 79-01-6 TCE                            
Trichloroethene 


C2Cl6 Chlorinated Hydrocarbon 
(Chlorinated alkene) 


Main use is in the vapor degreasing of metal parts. Also used 
as an extraction solvent for greases, oils, fats, waxes, and 
tars, a chemical intermediate in the production of other 
chemicals, and as a refrigerant. Used in consumer products 
such as typewriter correction fluids, paint removers/strippers, 
adhesives, spot removers, and rug-cleaning fluids. 


Vinyl chloride 75-01-4 Chloroethene, 
VCM 


C2H3Cl Chlorinated Hydrocarbon 
(Chloroalkene) 


To make polyvinyl chloride (PVC), a material used to 
manufacture a variety of plastic and vinyl products including 
pipes, wire and cable coatings, and packaging materials. 
 Smaller amounts of vinyl chloride are used in furniture and 
automobile upholstery, wall coverings, housewares, and 
automotive parts. 


1. Total PAHs (carcinogen PAHs) are the sum of Benzo-a-anthracene, Benzo-a-pyrene, Benzo-b-fluoranthene, Chrysene, Dibenzo(a,h)anthracene, Indeno(1,2,3-CD) pyrene, 
and Phenanthrene. 
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Appendix C.  List of the most recent oral reference doses and oral slope factors (cancer slope 
factors) from the U.S. EPA IRIS Database. 


 


Table C-1.  List of RfD and CSF factors by human health parameter.  The list includes the most sensitive adverse health effect and the primary 
species used to characterize the effect.  Additionally, the point of departures (NOAEL) and uncertainty factors used by EPA to arrive at the final 
RfD for non-carcinogens are summarized.  Total uncertainty factors are calculated as the product of the individual uncertainty factors.  The 
individual uncertainty factors are explained at the end of this table. 


Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


1,1,2,2-
Tetrachloroethane 79-34-5 0.02 BMDL1sd = 


15 


1000 
(10H, 


10A, 3S, 
3D) 


Increased liver weight Rats Medium 0.2 
Likely to be 


carcinogenic to 
humans 


Liver Mice 


1,1,2-Trichloroethane  79-00-5 0.004 3.9 
1000 
(10H, 


10A, 10S) 


Clinical serum 
chemistry Mouse Medium 0.057 


C. Possible 
Human 


carcinogen 
Liver Mice 


1,1-Dichloroethylene 75-35-4 0.05 BMDL10 = 
4.6 


100 (10H, 
10A) 


Liver toxicity (fatty 
change) Rats Medium None 


C. Possible 
Human 


carcinogen 
    


trans-1,2-
dichloroethylene 156-60-5 0.02 BMDL1sd = 


65 


3000 
(10H, 


10A, 10S, 
3D) 


Suppressed immune 
function Mouse Low None 


Inadequate 
information to 


assess 
carcinogenic 


potential 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


1,2,4-Trichlorobenzene 120-82-1 0.01 14.8 
1000 
(10H, 


10A, 10S) 


Increased adrenal 
gland weights Rats Medium None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


1,2-Dichlorobenzene 95-50-1 0.09 85.7 


1000 
(10A, 
10H, 
10D) 


No adverse effects 
observed Rats Low None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


1,2-Dichloroethane 107-06-2 None           0.091 
B2. Probable 


human 
carcinogen 


Blood vessels Rat 


1,2-Dichloropropane 78-87-5 None     only an inhalation RfC     None No data     


1,2-Diphenylhydrazine 122-66-7 None           0.8 
B2. Probable 


human 
carcinogen 


Liver Rat 


1,3-Dichloropropene 542-75-6 0.03 BMDL10 = 
3.4 


100 (10H, 
10A) Chronic irritation Rat High 0.1 


B2. Probable 
human 


carcinogen  
Likely to be a 


human 
carcinogen 


Bladder Mice 


2,4,6-Trichlorophenol 88-06-2 None           0.011 
B2. Probable 


human 
carcinogen 


Leukemia Rat 







 


85 


 


Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


2,4-Dichlorophenol 120-83-2 0.003 0.3 100 (10H, 
10A) 


Decreased delayed 
hypersensitivity 


response 
Rat Low None Incomplete 


evaluation     


2,4-Dimethylphenol 105-67-9 0.02 50 


3000 
(10H, 


10A, 10S,   
3D) 


Clinical signs and 
hematological changes Mouse Low None Incomplete 


evaluation     


2,4-dinitrophenol 51-28-5 0.002 LOAEL = 
2 


1000 
(10H, 


10S, 10L) 
Cataract formation Human Low None Incomplete 


evaluation     


2,4-dinitrotoluene 121-14-2 0.002 0.2 100 (10H, 
10A) Neurotoxicity Dog High None Incomplete 


evaluation     


2-chloronaphthalene 91-58-7 0.08 250 


3000 
(10H, 


10A, 10S,   
3D) 


Dyspnea, abnormal 
appearance, liver 


enlargement 
Mice Low None Incomplete 


evaluation     


2-chlorophenol 95-57-8 0.005 5 
1000 
(10H, 


10A, 10S) 
Reproductive effects Rat Low None Incomplete 


evaluation     







 


86 


 


Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


2-methyl-4,6-
dinitrophenol 534-52-1 Not in IRIS           Not in IRIS       


3,3'-Dichlorobenzidine 91-94-1 None           0.45 
B2. Probable 


human 
carcinogen 


Mammary  Rat 


4,4'-DDD 
(Dichlorodiphenyl 
dichloroethane) 


72-54-8 None           0.24 
B2. probable 


human 
carcinogen 


Liver  Mouse 


4,4'-DDE 
(Dichlorodiphenol 
dichloroethylene) 


72-55-9 None           0.34 
B2. probable 


human 
carcinogen 


Liver Mouse, 
Hamsters 


Acenaphthene 83-32-9 0.06 175 


3000 
(10H, 


10A, 10S,   
3D) 


Hepatotoxicity Mouse Low None Not available.     


Acrolein 107-02-8 0.0005 0.05 100 (10H, 
10A) Mortality Rat Medium to 


high None 


Inadequate 
information to 


assess 
carcinogenic 


potential 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Acrylonitrile 107-13-1 None           0.54 
B1. Probable 


human 
carcinogen 


Brain, spinal cord , 
Zymbal gland and 


stomach  
Rat 


Aldrin 309-00-2 0.00003 LOAEL 
0.025 


1000 
(10H, 


10A, 10L) 
Liver Toxicity Rat Medium 17 


B2. Probable 
human 


carcinogen 
Liver Mouse 


alpha-BHC 319-84-6 None           6.3 
B2. Probable 


human 
carcinogen 


Liver Mouse 


Anthracene 120-12-7 0.3 1000 


3000 
(10H, 


10A, 10S,   
3D) 


None Mouse Low None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


Antimony 7440-36-0 0.0004 LOAEL          
0.35 


1000 
(10H, 


10A, 10L) 


Longevity,   blood 
glucose, cholesterol Rat Low None Incomplete 


evaluation     
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Arsenic (Inorganic) 7440-38-2 0.0003 
0.0008 


(converted 
from 0.009) 


3 
Hyperpigmentation,ker


atosis, possible 
vascular complications 


Human Medium 1.5 A. Human 
carcinogen 


Internal organs, 
skin Humans 


b-BHC (b-
hexachlorocyclohexane) 319-85-7 None           1.8 


C. Possible 
Human 


carcinogen 
Liver Mouse 


Benzene 71-43-2 0.004 BMDL = 
1.2 


300 (10H, 
3S,   3L, 


3D) 


Decreased lymphocyte 
count Human Medium 0.015 to 


0.055 


A. Known 
human 


carcinogen 
Leukemia Humans 


Benzidine 92-87-5 0.003 LOAEL = 
2.7 


1000 
(10H, 


10A, 10L) 


Brain cell 
vacuolization, liver 
cell alterations in 


females 


Mouse Medium 230 A. Human 
carcinogen Bladder  Humans 


Beryllium 7440-41-7 0.002 BMD10=        
0.46 


300 (10H, 
10A,   
3D) 


Small intestional 
lesions Dog Low to 


medium None 


B1. Probable 
human 


carcinogen, 
Database 


inadequate 
(cannont be 


determined for 
ingested) 


Lung   


Bis(2-Chloroethyl)ether 111-44-4 None           1.1 
B2. Probable 


human 
carcinogen 


Liver Mouse 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Bis(2-
chloroisopropyl)ether 108-60-1 0.04 35.8 


1000 
(10H, 
10A, 
10D) 


Decrease in 
hemoglobin and 


possible erythrocyte 
destruction 


Mouse Low None Incomplete 
evaluation     


Bis(2-Ethylhexyl) 
Phthalate 117-81-7 0.02 LOAEL = 


19 


1000 
(10H, 


10A, 3S, 
3L) 


Increased liver weight Guinea 
Pig Medium 0.014 


B2. Probable 
human 


carcinogen 
Liver Mouse 


Bromoform 75-25-2 0.02 17.9 
1000 
(10H, 


10A, 10S) 
Hepatic lesions Rat Medium 0.0079 


B2. Probable 
human 


carcinogen 
Large intestine Rat 


Butylbenzyl Phthalate 85-68-7 0.2 159 
1000 
(10H, 


10A, 10S) 


Significantly increased 
liver to body weight 


and liver to brain 
weight ratios. 


Rat Low None 
C. Possible 


Human 
carcinogen 


    


Carbon tetrachloride 56-23-5 0.004 BMDL2x-adj 
= 3.9 


1000 
(10H, 


10A, 3S, 
3D) 


Elevated serum 
sorbitol dehydrogenase 


(SDH) 
Rat Medium 0.07 


Likely to be 
carcinogenic to 


humans 
Liver Mouse 


Chlordane 57-74-9 0.0005 0.15 300 (10H, 
10A, 3D) Hepatic necrosis Mouse medium 0.35 


B2.  Probable 
human 


carcinogen 
Liver Mouse 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Chlorobenzene 108-90-7 0.02 27.25 
1000 
(10H, 


10A, 10S) 


Histopathologic 
changes in liver Dog Medium None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


Chlorodibromomethane 124-48-1 0.02 21.4 
1000 
(10H, 


10A, 10S) 
Hepatic lesions Rat Medium 0.084 


C. Possible 
Human 


carcinogen 
Liver Mouse 


Chloroform 67-66-3 0.01 12.9 
(LOAEL) 


1000 
(10H, 


10A, 10L) 


Moderate/ marked 
fatty cyst formation in 
the liver and elevated 


SGPT 


Dog Medium 


None - use 
RfD 


(protective 
against 
cancer) 


B2. Probable 
human 


carcinogen 
    


Chloromethane 74-87-3 None           None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


4,4'-DDT 
(Dichlorodiphenyl 
trichloroethane) 


50-29-3 0.0005 0.05 100 (10H, 
10A) Liver lesions Rat Medium 0.34 


B2. Probable 
human 


carcinogen 
Liver  Mouse and 


rat 


Dichlorobromomethane 75-27-4 0.02 17.9 
(LOAEL) 


1000 
(10H, 


10A, 10L) 
Renal cytomegaly Mouse Medium 0.062 


B2. Probable 
human 


carcinogen 
Kidney  Mouse 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Methylene chloride 75-09-2 0.006 0.19 (HED 
1%) 


30              
(3H, 3A, 


3D) 


Hepatic effects 
(hepatic vacuolation, 


liver foci) 
Rat High 0.002 


Likely to be 
carcinogenic to 


humans 
Liver Mouse 


Dieldrin 60-57-1 0.00005 0.005 100 (10H, 
10A) Liver lesions Rat Medium 16 


B2.  Probable 
human 


carcinogen 
Liver  Mouse 


Diethyl phthalate 84-66-2 0.8 750 
1000 
(10H, 


10A, 10S) 


Decreased growth 
weight, food 


consumption and 
altered organ weights 


Rat Low None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


Dimethyl phthalate 131-11-3 None           None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


Di-n-Butyl phthalate 84-74-2 0.1 125 
1000 
(10H, 


10A, 10S) 
Increased mortality Rat Low None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


Endosulfan  115-29-7 0.006 0.6 100 (10H, 
10A) 


Loss of weight & 
kidney disease Rat Medium None Not available.     


Endosulfan sulfate 1031-07-8 Not in IRIS                   
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Endrin 72-20-8 0.0003 0.025 100 (10H, 
10A) 


Liver lesions & 
Convulsions Dog Medium None 


D. Not 
classifiable as 


to human 
carcinogenicity 


    


Endrin aldehyde 7421-93-4 Not in IRIS                   


Ethylbenzene 100-41-4 0.1 97.1 
1000 
(10H, 


10A, 10S) 


Liver and kidney 
toxicity Rat Low None 


D. Not 
classifiable as 


to human 
carcinogenicity. 


    


Fluoranthene 206-44-0 0.04 125 


3000 
(10H, 


10A, 10S, 
3D) 


Nephropathy, 
increased liver 


weights, hematological 
alterations, clinical 


effects. 


Mouse Low None 


D. Not 
classifiable as 


to human 
carcinogenicity. 


    


Fluorene 86-73-7 0.04 125 


3000 
(10H, 


10A, 10S, 
3D) 


Decreased RBC, 
packed cell volume, 


and hemoglobin 
Mouse Low None 


D. Not 
classifiable as 


to human 
carcinogenicity. 


    


Heptachlor 76-44-8 0.0005 0.15 300 (10H, 
10A, 3D) 


Liver weight increases 
in males Rat Low 4.5 


B2. probable 
human 


carcinogen 
Liver Mouse 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Heptachlor epoxide 1024-57-3 0.000013 


No 
NOAEL, 
LEL = 
0.0125 


1000 
(10H, 10a, 


10L) 


Increased liver to body 
weight ratio in males 


and females 
Dog Low 9.1 


B2. probable 
human 


carcinogen 
Liver Mouse 


Hexachlorobenzene 118-74-1 0.0008 0.08 100 (10H, 
10A) Liver effects Rat Medium 1.6 


B2. probable 
human 


carcinogen 
Liver Rat 


Hexachlorobutadiene 87-68-3 None           0.078 
C. Possible 


human 
carcinogen 


Kidney  Rat 


Hexachlorocyclo-
pentadiene 77-47-4 0.006 BMDL10 = 


6 


1000 
(10H, 


10A, 10S) 
Chronic irritation Rat Low None Not available     


Hexachloroethane 67-72-1 0.0007 BMDL10 = 
0.728 


1000 
(10H, 


10A, 3S, 
3D) 


Atrophy and 
degeneration of renal 


tubules 
Rat Low to 


medium 0.04 Likely to be 
carcinogenic Kidney Rat 


Isophorone 78-59-1 0.2 150 
1000 
(10H, 


10A, 10S) 
No observed effects Dogs Low 0.00095 


C. Possible 
human 


carcinogen 
Preputial gland  Rat 


gamma-BHC (Lindane 
(gamma-BHC)) 58-89-9 0.0003 0.33 


1000 
(10H, 


10A, 10S) 


Liver and kidney 
toxicity Rat Medium None       
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Methyl bromide 
(Bromomethane) 74-83-9 0.0014 1.4 


1000 
(10H, 


10A, 10S) 


Epithelial hyperplasia 
of the forestomach Rat Medium None 


D. Not 
classifiable as 


to human 
carcinogenicity. 


    


Nitrobenzene 98-95-3 0.002 BMDL1SD = 
1.8 


1000 
(10H, 


10A, 3S, 
3D) 


Increased 
methemoglobin levels Rat Medium None Not available     


N-
Nitrosodimethylamine 62-75-9 None           51 


B2. probable 
human 


carcinogen 
Liver  Rat 


N-Nitrosodi-n-
propylamine 621-64-7 None           7 


B2. probable 
human 


carcinogen 
Liver Rat 


N-
Nitrosodiphenylamine 86-30-6 None           0.0049 


B2. probable 
human 


carcinogen 
Bladder Rat 


PCB 1336-36-3 
Check 


individual 
files 


          2.0 upper 
bound 


B2. probable 
human 


carcinogen 
Liver  Rat 


Pentachlorophenol 87-86-5 0.005 LOAEL = 
1.5 


300 (10H, 
10A, 3L) Hepatotoxicity Dog Medium 0.4 


Likely to be 
carcinogenic to 


humans 
Liver Mouse 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Pyrene 129-00-0 0.03 75 


3000 
(10H, 


10A, 10S, 
3D) 


Kidney effects Mouse Low None 


D. Not 
classifiable as 


to human 
carcinogenicity. 


    


Selenium 7782-49-2 0.005 0.015 3 (3H) Clinical selenosis Human High None 


D. Not 
classifiable as 


to human 
carcinogenicity. 


    


Tetrachloroethene 127-18-4 0.006 
LOAEL 


average 9.7 
& 2.6 


1000 
(10H, 


10S, 10D) 
Neurotoxicity  Human Medium 0.0021 


Likely to be 
carcinogenic in 
humans by all 


routes of 
exposure 


Liver Mouse 


Thallium Various 
Candidate 
1 E-5 or          


3 E-6 


NOAEL = 
0.04 or 


BMDL10 = 
0.01 


3000 
hair follicle atrophy 


and clinical 
observations 


Rat   None 


Inadequate 
information to 


assess 
carcinogenic 


potential 


    


Toluene 108-88-3 0.08 BMDL:  
238 


3000 
(10H, 


10A, 10S, 
3D) 


Increased kidney 
weight Rat Medium None 


Inadequate 
information to 


assess 
carcinogenic 


potential 
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Parameter CAS 


Oral 
RfD 


mg/kg-
day 


NOAEL  
mg/kg-


day 
UF Non-Cancer 


Critical Effects 


Primar
y 


species 


Confidenc
e 


Oral 
slope 
factor 


(mg/kg-
day) 


Wt of 
Evidence 


Cancer 
Effects 


Primary 
Species 


Toxaphene 8001-35-2 None           1.1 
B2. probable 


human 
carcinogen 


Liver & Thyroid Mice 


Total PAH  50-32-8 None           7.3 
B2. probable 


human 
carcinogen 


Forestomach, skin Mouse 


Trichloroethylene 79-01-6 0.0005 Multiple Multiple 


Decreased thymus 
weights, heart 
malformations, 
developmental 


immunological effects  


Mouse & 
Rat High 0.046 


Carcinogenic to 
humans by all 


routes of 
exposure 


Renal cell 
carcinoma, Non-


Hodgkin 
lymphoma, and 
liver and biliary 


cancer  


Human 


Vinyl chloride 75-01-4 0.003 HED: 0.09 30          
(10H, 3A) 


Liver cell 
polymorphism Rat Medium 1.4 A. Human 


Carcinogen Liver Rat 


1,1,1-Trichloroethane 71-55-6 2 BMDL10: 
2155 


1000 
(10H, 
10A) 


Reduced body weight  Mouse Medium None 


Inadequate 
information to 


assess 
carcinogenic 


potential 


    


Explanation of Reference Dose Uncertainty Factors:    
 A: Interspecies uncertainty  
 H: Intraspecies uncertainty  
 S: Subchronic to chronic extrapolation  
 L: Use of the LOAEL  
 D: Data base incomplete  
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Appendix D.  Landings and Consumption Data Used for Lipid Content Distributions. 
Table D-1.  Total 2002 through 2011 commercial freshwater and inshore marine fish and total recreationally caught fish consumption by species.  
Total consumption for recreationally caught species were based on the 2004 Degner Survey.  Commercial landings were adjusted for edible 
portion.  Percent landings and consumption were used to weight the bins used to develop commercial and recreational fish lipid content 
distributions, respectively. 


Commercial Species Based on Total 2002-2011 Landings Recreational Species Based Recreational Consumption 
Species Total 


Landings 
(kg) 


Percent 
Landings 


Percent  
Lipid 


Species Total 
Consumption 


(g) 


Percent 
Consumption 


Percent 
Lipid 


Blue Runner 373479.8 0.36 3.3 Marine Catfish 530.3508 0.24 1.2 
Catfish 36782.34 0.04 3.2 Stone Crab Claws 11913 5.50 0.4 
Clams, Hard 269748.8 0.26 1.1 Clams 2736.026 1.26 1.1 
Cobia 269427 0.26 0.64 Crab 1770.091 0.82 2.1 
Conch (Whelk, Helmet) 6158.16 0.01 0.6 Fresh Catfish 26436.52 12.20 3.2 
Crab, Blue (Hard) 5867825 5.73 1.1 Flounder 19889.64 9.18 0.8 
Crab, Blue (Soft) 392823.7 0.38 1.4 Other Freshwater fish 606.32 0.28 1.7 
Crab, Stone (Claws) 5025920 4.91 0.40 Large Mouth Bass 17785.41 8.21 1.3 
Croaker 76368.38 0.07 3.2 Mullet Roe 3602.94 1.66 1.81 
Drum, Black 46522.07 0.05 0.8 Mullet 30902.29 14.26 3.7 
Eels 11984.96 0.01 10.9 Other Marine Finfish 2272.81 1.05 3.4 
Flounders 584654.1 0.57 0.8 Oysters 5397.4 2.49 2.1 
Goatfishes 30372.24 0.03 3.3 Panfish 12491.1 5.77 0.7 
Jack, Crevalle 1474819 1.44 3.9 Red Drum 17564.71 8.11 0.8 
Jack, Mixed 114502.8 0.11 3.9 Sunshine Bass 606.32 0.28 1.3 
Jack, Other 296483.4 0.29 3.9 Scallops 3404.5 1.57 0.9 
Ladyfish 1361696 1.33 4.4 Sheepshead 720.01 0.33 2.4 
Mackerel, Spanish 6773203 6.61 5.3 Snapper  Inshore 21630.91 9.98 1.1 
Misc. Food Fish 2217849 2.17 3.4 Snook 999.85 0.46 0.95 
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Commercial Species Based on Total 2002-2011 Landings Recreational Species Based Recreational Consumption 
Species Total 


Landings 
(kg) 


Percent 
Landings 


Percent  
Lipid 


Species Total 
Consumption 


(g) 


Percent 
Consumption 


Percent 
Lipid 


Misc. Invertebrates 4631216 4.52 1.3 Shrimp 16779 7.74 2.5 
Mojarra 992206.6 0.97 2 Seatrout Roe 291.5 0.13 1.81 
Mullet, Black 16788043 16.39 3.7 Salad Shrimp 210 0.10 1.2 
Mullet, Black, Roe 16150.38 0.02 1.81 Seatroup 15763.23 7.28 2.5 
Mullet, Silver 595921.5 0.58 3.7 Unknown Finfish 2362.454 1.09 3.3 
Octopus 55161 0.05 1     
Oysters 10295126 10.05 2.1     
Permit 29256.43 0.03 3.3     
Rays 7734.275 0.01 1.1     
Rays & Skates 21788.41 0.02 1.1     
Sand Perch 49.88663 0.00 1.54     
Sand Perch (Serranidae) 1043.243 0.00 1.54     
Scallops, Calico 48147.46 0.05 0.7     
Seatrout, Sand 12420.66 0.01 2.5     
Seatrout, Silver 19689.39 0.02 2.5     
Seatrout, Spotted 100502.2 0.10 2.5     
Seatrout, Weakfish 12790.46 0.01 2.5     
Sheepshead 572637.6 0.56 2.4     
Shrimp, Brown 5996300 5.86 1.3     
Shrimp, Other 664294.4 0.65 1.5     
Shrimp, Pink 21751220 21.24 2.2     
Shrimp, White 11023418 10.76 1.1     
Snapper, Gray (Mangrove) 72051.83 0.07 0.6     
Snapper, Grey (Mangrove) 408463.4 0.40 0.6     
Snapper, Yellowtail 2534860 2.48 1.1     
Spot 43643.81 0.04 4.5     
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Commercial Species Based on Total 2002-2011 Landings Recreational Species Based Recreational Consumption 
Species Total 


Landings 
(kg) 


Percent 
Landings 


Percent  
Lipid 


Species Total 
Consumption 


(g) 


Percent 
Consumption 


Percent 
Lipid 


Tilapia (Nile Perch) 206674.4 0.20 3     
Triggerfish 274617.3 0.27 0.6     
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Appendix E.  Sensitivity Analysis of Monte-Carlo Model Inputs. 
Table E-1.  Model assumption sensitivity analysis for non-carcinogens.  Values are rank correlation coefficients. 


Parameter Body 
Weight 


Commercial 
FCR 


Recreational 
FCR 


Consumer 
Pattern 


Drinking 
water  


Commercial 
Fish Lipid 
Content 


Recreational 
Fish Lipid 
Content 


1,1-Dichloroethene (Class I) -43.6 1.7 2.2 3.8 87.9 0.5 0.8 
1,1-Dichloroethene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
1,2 (trans) Dichloroethylene (Class I) -43.3 0.7 1.2 0.8 88.5 0.0 0.2 
1,2 (trans) Dichloroethylene (Class 
II/III) 


-14.6 60.1 3.3 64.0  28.6 2.6 


1,2,4-Trichlorobenzene (Class I) -41.5 20.2 6.6 33.9 70.8 9.4 4.1 
1,2,4-Trichlorobenzene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
1,2-Dichlorobenzene (Class I) -43.2 12.0 6.4 24.1 78.7 5.4 3.7 
1,2-Dichlorobenzene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
1,3-Dichlorobenzene (Class I) -43.2 12.0 6.4 24.1 78.7 5.4 3.7 
1,3-Dichlorobenzene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
1,4-Dichlorobenzene (Class I) -43.2 12.0 6.4 24.1 78.7 5.4 3.7 
1,4-Dichlorobenzene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
2,4-Dichlorophenol (Class I) -43.6 9.3 5.9 20.0 81.2 4.1 3.4 
2,4-Dichlorophenol (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
2,4-Dimethylphenol (Class I) -42.0 17.6 6.6 31.3 73.3 8.1 4.1 
2,4-Dimethylphenol (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
2,4-Dinitrophenol (Class I) -43.3 0.7 1.2 0.8 88.5 0.0 0.1 
2,4-Dinitrophenol (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
2-Chloronaphthalene (Class I) -39.3 28.6 6.1 41.3 62.4 13.4 3.9 
2-Chloronaphthalene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
2-Chlorophenol (Class I) -40.9 22.4 6.5 36.1 68.6 10.4 4.1 
2-Chlorophenol (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
2-Methyl-4,6-Dinitrophenol (Class I) -43.6 1.7 2.2 3.7 87.9 0.5 0.8 
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Parameter Body 
Weight 


Commercial 
FCR 


Recreational 
FCR 


Consumer 
Pattern 


Drinking 
water  


Commercial 
Fish Lipid 
Content 


Recreational 
Fish Lipid 
Content 


2-Methyl-4,6-Dinitrophenol (Class 
II/III) 


-14.6 60.1 3.3 64.0  28.6 2.6 


Acenaphthene (Class I) -38.4 31.5 5.8 43.4 59.3 14.7 3.8 
Acenaphthene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Acrolein (Class I) -39.0 29.6 6.0 42.0 61.3 13.8 3.9 
Acrolein (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Anthracene (Class I) -43.8 7.2 5.4 16.4 83.2 3.1 3.0 
Anthracene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Antimony (Class I) -43.3 0.6 1.2 0.8 88.5 -0.1 -0.1 
Antimony (Class II/III) -15.6 64.9 2.9 66.9  0.2 0.1 
Beryllium (Class I) -43.8 5.7 6.0 17.2 83.6 -0.2 -0.1 
Beryllium (Class II/III) -15.6 64.9 2.9 66.9  0.2 0.1 
Bis(2-Chloroisopropyl)ether (Class I) -43.4 0.9 1.4 1.5 88.4 0.2 0.3 
Bis(2-Chloroisopropyl)ether (Class 
II/III) 


-14.6 60.1 3.3 64.0  28.6 2.6 


Butylbenzyl phthalate (Class I) -35.3 40.1 5.1 49.0 49.4 18.8 3.4 
Butylbenzyl phthalate (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Chlorobenzene (Class I) -43.8 2.9 3.2 6.9 87.1 1.1 1.5 
Chlorobenzene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Chloroform (Class I) -43.5 1.3 1.8 2.5 88.2 0.3 0.5 
Chloroform (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Diethyl phthalate (Class I) -42.6 14.7 6.6 27.8 76.1 6.7 4.0 
Diethyl phthalate (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Dimethyl phthalate (Class I) -43.7 8.4 5.7 18.5 82.1 3.7 3.2 
Dimethyl phthalate (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Di-n-Butyl phthalate (Class I) -42.2 17.0 6.6 30.5 73.9 7.8 4.1 
Di-n-Butyl phthalate (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Endosulfan  (Class I) -37.8 33.2 5.7 44.7 57.4 15.6 3.8 
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Parameter Body 
Weight 


Commercial 
FCR 


Recreational 
FCR 


Consumer 
Pattern 


Drinking 
water  


Commercial 
Fish Lipid 
Content 


Recreational 
Fish Lipid 
Content 


Endosulfan  (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Endosulfan sulfate (Class I) -37.8 33.2 5.7 44.7 57.4 15.6 3.8 
Endosulfan sulfate (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Endrin (Class I) -20.5 59.1 3.5 61.6 11.7 28.0 2.7 
Endrin (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Ethylbenzene (Class I) -43.6 8.7 5.8 19.0 81.8 3.9 3.3 
Ethylbenzene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Fluoranthene (Class I) -28.2 52.9 4.1 56.7 29.6 25.0 2.9 
Fluoranthene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Fluorene (Class I) -43.8 7.2 5.4 16.4 83.2 3.1 3.0 
Fluorene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Hexachlorocyclopentadiene (Class I) -43.6 1.4 1.9 2.9 88.1 0.4 0.6 
Hexachlorocyclopentadiene (Class 
II/III) 


-14.6 60.1 3.3 64.0  28.6 2.6 


Lindane (Class I) -41.0 22.0 6.5 35.7 69.1 10.2 4.1 
Lindane (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Methyl bromide (Class I) -43.5 1.3 1.8 2.5 88.2 0.3 0.5 
Methyl bromide (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Nitrobenzene (Class I) -43.5 1.1 1.5 1.8 88.3 0.2 0.4 
Nitrobenzene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Pyrene (Class I) -43.8 7.2 5.4 16.4 83.2 3.1 3.0 
Pyrene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
Selenium (Class I) -43.7 1.8 2.8 5.3 87.7 -0.2 -0.1 
Selenium (Class II/III) -15.6 64.9 2.9 66.9  0.2 0.1 
Toluene (Class I) -43.8 3.0 3.3 7.1 87.0 1.1 1.5 
Toluene (Class II/III) -14.6 60.1 3.3 64.0  28.6 2.6 
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Table E-2.  Model assumption sensitivity analysis for carcinogens, except hexachlorobutadiene.  The values indicate the percentage of the 
variance in the parameter specific risk is explained by each distribution input. 


Parameter Body 
Weight 


Commercial 
FCR 


Recreational 
FCR 


Commercial 
Fish Lipid 
Content 


Recreational 
Fish Lipid 
Content 


Consumer 
Pattern 


Drinking 
Water  


1,1,2,2-Tetrachloroethane (Class I) -43.6 1.6 2.1 0.5 0.7 3.4 88.0 
1,1,2,2-Tetrachloroethane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
1,1,2-Trichloroethane (Class I) -43.6 1.5 2.0 0.4 0.7 3.0 88.1 
1,1,2-Trichloroethane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
1,2-Dichloroethane (Class I) -43.3 0.6 1.1 0.0 0.1 0.5 88.5 
1,2-Dichloroethane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
1,2-Dichloropropane (Class I) -43.5 1.4 1.9 0.3 0.6 2.7 88.2 
1,2-Dichloropropane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
1,2-Diphenylhydrazine (Class I) -43.9 6.2 5.0 2.6 2.7 14.3 84.2 
1,2-Diphenylhydrazine (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
1,3-Dichloropropene (Class I) -43.4 0.8 1.3 0.1 0.2 1.1 88.5 
1,3-Dichloropropene (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
2,4,6-Trichlorophenol (Class I) -40.5 24.0 6.4 11.2 4.1 37.6 67.0 
2,4,6-Trichlorophenol (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
2,4-dinitrotoluene (Class I) -43.5 1.3 1.8 0.3 0.5 2.5 88.2 
2,4-dinitrotoluene (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
3,3'-Dichlorobenzidine (Class I) -37.0 35.6 5.5 16.7 3.6 46.2 54.7 
3,3'-Dichlorobenzidine (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Acrylonitrile (Class I) -43.8 7.2 5.4 3.1 3.0 16.4 83.2 
Acrylonitrile (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Aldrin (Class I) -19.8 59.4 3.5 28.2 2.6 62.0 10.2 
Aldrin (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
b-BHC (Class I) -41.0 22.0 6.5 10.2 4.1 35.7 69.1 
b-BHC (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
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Parameter Body 
Weight 


Commercial 
FCR 


Recreational 
FCR 


Commercial 
Fish Lipid 
Content 


Recreational 
Fish Lipid 
Content 


Consumer 
Pattern 


Drinking 
Water  


Benzene (Class I) -43.6 1.6 2.1 0.5 0.8 3.5 88.0 
Benzene (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Benzidine (Class I) -42.2 16.8 6.6 7.7 4.1 30.3 74.1 
Benzidine (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Bis(2-Chloroethyl)ether (Class I) -43.7 2.1 2.5 0.7 1.0 4.7 87.7 
Bis(2-Chloroethyl)ether (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Bis(2-Ethylhexyl) Phthalate (Class I) -41.0 22.0 6.5 10.2 4.1 35.7 69.1 
Bis(2-Ethylhexyl) Phthalate (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Bromoform (Class I) -43.5 1.3 1.8 0.3 0.5 2.5 88.2 
Bromoform (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Carbon Tetrachloride (Class I) -43.9 4.9 4.4 2.0 2.3 11.5 85.4 
Carbon Tetrachloride (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Chlordane (Class I) -16.6 60.0 3.4 28.5 2.6 63.4 3.7 
Chlordane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Chlorodibromomethane (Class I) -43.5 1.3 1.8 0.3 0.5 2.5 88.2 
Chlorodibromomethane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
DDT (Class I) -15.3 60.1 3.3 28.6 2.6 63.8 1.1 
DDT (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Dichlorobromomethane (Class I) -43.5 1.3 1.8 0.3 0.5 2.5 88.2 
Dichlorobromomethane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Dichloromethane (Class I) -43.2 0.5 1.0 0.0 0.0 0.3 88.6 
Dichloromethane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Dieldrin (Class I) -19.8 59.4 3.5 28.2 2.6 62.0 10.2 
Dieldrin (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Heptachlor (Class I) -17.0 60.0 3.4 28.5 2.6 63.3 4.6 
Heptachlor (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Heptachlor epoxide (Class I) -17.0 60.0 3.4 28.5 2.6 63.3 4.6 
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Parameter Body 
Weight 


Commercial 
FCR 


Recreational 
FCR 


Commercial 
Fish Lipid 
Content 


Recreational 
Fish Lipid 
Content 


Consumer 
Pattern 


Drinking 
Water  


Heptachlor epoxide (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Hexachloroethane (Class I) -42.2 16.7 6.6 7.7 4.0 30.2 74.2 
Hexachloroethane (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Isophorone (Class I) -43.6 1.4 1.9 0.4 0.6 2.9 88.1 
Isophorone (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
N-Nitrosodimethylamine (Class I) -43.1 0.3 0.7 -0.1 -0.1 -0.4 88.7 
N-Nitrosodimethylamine (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
N-Nitrosodi-n-propylamine (Class I) -43.3 0.6 1.0 0.0 0.1 0.5 88.6 
N-Nitrosodi-n-propylamine (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
N-Nitrosodiphenylamine (Class I) -40.9 22.6 6.5 10.5 4.1 36.3 68.4 
N-Nitrosodiphenylamine (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
PCB (Class I) -15.6 60.0 3.4 28.6 2.6 63.8 1.8 
PCB (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Pentachlorophenol (Class I) -43.8 3.1 3.3 1.1 1.5 7.3 86.9 
Pentachlorophenol (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Tetrachloroethene (Class I) -43.8 7.4 5.4 3.2 3.0 16.6 83.1 
Tetrachloroethene (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
total PAH (Class I) -43.8 7.2 5.4 3.1 3.0 16.4 83.2 
total PAH (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Toxaphene (Class I) -16.7 60.0 3.4 28.5 2.6 63.4 3.9 
Toxaphene (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Trichloroethene (Class I) -43.8 3.0 3.3 1.1 1.5 7.1 87.0 
Trichloroethene (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
Vinyl chloride (Class I) -43.3 0.6 1.1 0.0 0.1 0.5 88.5 
Vinyl chloride (Class II/III) -14.6 60.1 3.3 28.6 2.6 64.0  
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Table E-3.  Model assumption sensitivity analysis for hexachlorobutadiene.  Values are rank correlation coefficients. 


Assumptions Class I Class II/III 
Body Weight -41.3 -20.2 
Commercial FCR 0.0 0.0 
Recreational FCR 1.0 1.4 
Commercial Fish Lipid Content 14.4 32.8 
Recreational Fish Lipid Content 0.7 0.7 
Consumer Pattern -9.3 -22.1 
Drinking water  63.0  
Swim Distribution (days/year) 36.2 51.5 
Swimmer (yes/no) 29.0 54.0 
Swim Event time (hr/event) 9.0 11.9 
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Appendix F.  Summary of Probabilistic Risk Analyses of Proposed Criteria. 
Table F-1.  Parameter specific percentiles of non-carcinogen health risks for the general adult population.  Risk is expressed as the HQ relative to the proposed human health 
criteria.  Risk characterization does not include dermal exposure routes. 


Parameter Percentile 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 


1,1,1-Trichloroethane (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
1,1,1-Trichloroethane (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
1,1-Dichloroethene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
1,1-Dichloroethene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
1,2 (trans) Dichloroethylene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
1,2 (trans) Dichloroethylene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
1,2,4-Trichlorobenzene (Class I) 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.8 1.0 1.3 2.3 
1,2,4-Trichlorobenzene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
1,2-Dichlorobenzene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.9 
1,2-Dichlorobenzene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
1,3-Dichlorobenzene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.9 
1,3-Dichlorobenzene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
1,4-Dichlorobenzene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.9 
1,4-Dichlorobenzene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
2,4-Dichlorophenol (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.8 
2,4-Dichlorophenol (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
2,4-Dimethylphenol (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.5 0.6 0.8 1.0 1.3 2.1 
2,4-Dimethylphenol (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
2,4-Dinitrophenol (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
2,4-Dinitrophenol (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
2-Chloronaphthalene (Class I) 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 1.0 1.4 3.0 
2-Chloronaphthalene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
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Parameter Percentile 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 


2-Chlorophenol (Class I) 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.7 1.0 1.3 2.4 
2-Chlorophenol (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
2-Methyl-4,6-Dinitrophenol (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
2-Methyl-4,6-Dinitrophenol (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Acenaphthene (Class I) 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 1.0 1.4 3.2 
Acenaphthene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Acrolein (Class I) 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 1.0 1.4 3.1 
Acrolein (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Anthracene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.8 
Anthracene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Antimony (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Antimony (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.4 1.0 2.0 5.4 
Beryllium (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Beryllium (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.4 1.0 2.0 5.4 
Bis(2-Chloroisopropyl)ether (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Bis(2-Chloroisopropyl)ether (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Butylbenzyl phthalate (Class I) 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.7 1.0 1.6 4.0 
Butylbenzyl phthalate (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Chlorobenzene (Class I) 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Chlorobenzene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Chloroform (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Chloroform (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Diethyl phthalate (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.6 0.8 1.0 1.2 2.0 
Diethyl phthalate (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Dimethyl phthalate (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.8 
Dimethyl phthalate (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Di-n-Butyl phthalate (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.5 0.6 0.8 1.0 1.3 2.1 
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Parameter Percentile 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 


Di-n-Butyl phthalate (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Endosulfan  (Class I) 0.2 0.2 0.2 0.3 0.3 0.4 0.5 0.6 0.7 1.0 1.5 3.4 
Endosulfan  (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Endosulfan sulfate (Class I) 0.2 0.2 0.2 0.3 0.3 0.4 0.5 0.6 0.7 1.0 1.5 3.4 
Endosulfan sulfate (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Endrin (Class I) 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.3 0.5 1.0 1.9 5.3 
Endrin (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Ethylbenzene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.8 
Ethylbenzene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Fluoranthene (Class I) 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.5 1.0 1.8 4.9 
Fluoranthene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Fluorene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.8 
Fluorene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Hexachlorocyclopentadiene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Hexachlorocyclopentadiene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Lindane (Class I) 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.8 1.0 1.3 2.4 
Lindane (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Methyl bromide (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Methyl bromide (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Nitrobenzene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Nitrobenzene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Pyrene (Class I) 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.8 
Pyrene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
Selenium (Class I) 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Selenium (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.4 1.0 2.0 5.4 
Toluene (Class I) 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 0.8 1.0 1.2 1.7 
Toluene (Class II/III) 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.5 1.0 1.9 5.5 
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Table F-2.  Parameter specific percentiles of carcinogen risk for the general adult population.  Risk is expressed as the incremental risk in the lifetime likelihood of a cancer 
event based on the proposed human health criteria.    


Parameter Mean Percentile 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 


1,1,2,2-Tetrachloroethane 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


1,1,2,2-Tetrachloroethane 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


1,1,2-Trichloroethane 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


1,1,2-Trichloroethane 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


1,2-Dichloroethane (Class 
I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 9.9E-07 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


1,2-Dichloroethane (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


1,2-Dichloropropane 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


1,2-Dichloropropane 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


1,2-Diphenylhydrazine 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 9.9E-07 1.1E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


1,2-Diphenylhydrazine 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


1,3-Dichloropropene 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 9.9E-07 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


1,3-Dichloropropene 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


2,4,6-Trichlorophenol 
(Class I) 


1.0E-06 3.1E-07 3.8E-07 4.9E-07 5.8E-07 6.8E-07 7.8E-07 9.0E-07 1.1E-06 1.3E-06 1.7E-06 2.3E-06 4.5E-06 


2,4,6-Trichlorophenol 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


2,4-dinitrotoluene (Class 
I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


2,4-dinitrotoluene (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


3,3'-Dichlorobenzidine 
(Class I) 


1.0E-06 2.6E-07 3.2E-07 4.2E-07 5.0E-07 5.9E-07 6.8E-07 8.0E-07 9.6E-07 1.2E-06 1.7E-06 2.6E-06 6.3E-06 
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Parameter Mean Percentile 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 


3,3'-Dichlorobenzidine 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Acrylonitrile (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.6E-07 9.9E-07 1.1E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Acrylonitrile (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Aldrin (Class I) 1.0E-06 6.1E-08 8.8E-08 1.4E-07 1.9E-07 2.6E-07 3.5E-07 4.6E-07 6.6E-07 1.0E-06 2.1E-06 4.0E-06 1.1E-05 
Aldrin (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
b-BHC (Class I) 1.0E-06 3.2E-07 3.9E-07 5.0E-07 5.9E-07 6.9E-07 8.0E-07 9.2E-07 1.1E-06 1.3E-06 1.7E-06 2.3E-06 4.2E-06 
b-BHC (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Benzene (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Benzene (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Benzidine (Class I) 1.0E-06 3.4E-07 4.1E-07 5.2E-07 6.2E-07 7.2E-07 8.3E-07 9.5E-07 1.1E-06 1.3E-06 1.7E-06 2.2E-06 3.6E-06 
Benzidine (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Bis(2-Chloroethyl)ether 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.6E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


Bis(2-Chloroethyl)ether 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Bis(2-Ethylhexyl) 
Phthalate (Class I) 


1.0E-06 3.2E-07 3.9E-07 5.0E-07 5.9E-07 6.9E-07 8.0E-07 9.2E-07 1.1E-06 1.3E-06 1.7E-06 2.3E-06 4.2E-06 


Bis(2-Ethylhexyl) 
Phthalate (Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Bromoform (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Bromoform (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Carbon Tetrachloride 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.6E-07 8.7E-07 9.9E-07 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


Carbon Tetrachloride 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Chlordane (Class I) 1.0E-06 2.7E-08 5.0E-08 1.0E-07 1.6E-07 2.2E-07 3.1E-07 4.4E-07 6.4E-07 1.0E-06 2.2E-06 4.1E-06 1.2E-05 
Chlordane (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Chlorodibromomethane 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


Chlorodibromomethane 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
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Parameter Mean Percentile 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 


Chloromethane (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Chloromethane (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


DDT (Class I) 1.0E-06 8.4E-09 3.4E-08 8.5E-08 1.4E-07 2.1E-07 3.0E-07 4.3E-07 6.3E-07 1.0E-06 2.2E-06 4.1E-06 1.2E-05 
DDT (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Dichlorobromomethane 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


Dichlorobromomethane 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Dichloromethane (Class I) 1.0E-06 3.5E-07 4.3E-07 5.4E-07 6.5E-07 7.5E-07 8.7E-07 9.9E-07 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Dichloromethane (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Dieldrin (Class I) 1.0E-06 6.1E-08 8.8E-08 1.4E-07 1.9E-07 2.6E-07 3.5E-07 4.6E-07 6.6E-07 1.0E-06 2.1E-06 4.0E-06 1.1E-05 
Dieldrin (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Heptachlor (Class I) 1.0E-06 3.2E-08 5.5E-08 1.1E-07 1.6E-07 2.3E-07 3.2E-07 4.4E-07 6.4E-07 1.0E-06 2.1E-06 4.1E-06 1.2E-05 
Heptachlor (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Heptachlor epoxide (Class 
I) 


1.0E-06 3.2E-08 5.5E-08 1.1E-07 1.6E-07 2.3E-07 3.2E-07 4.4E-07 6.4E-07 1.0E-06 2.1E-06 4.1E-06 1.2E-05 


Heptachlor epoxide (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Hexachlorobutadiene 
(Class I)* 


1.0E-06 3.3E-07 4.1E-07 5.2E-07 6.3E-07 7.4E-07 8.5E-07 9.8E-07 1.2E-06 1.4E-06 1.8E-06 2.2E-06 3.2E-06 


Hexachlorobutadiene 
(Class II/III)* 


1.0E-06 1.5E-09 3.7E-09 1.3E-08 8.6E-08 2.1E-07 3.8E-07 6.1E-07 9.2E-07 1.6E-06 2.8E-06 4.1E-06 8.4E-06 


Hexachloroethane (Class 
I) 


1.0E-06 3.4E-07 4.1E-07 5.2E-07 6.2E-07 7.2E-07 8.3E-07 9.5E-07 1.1E-06 1.3E-06 1.7E-06 2.2E-06 3.6E-06 


Hexachloroethane (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Isophorone (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Isophorone (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
N-Nitrosodimethylamine 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.4E-07 6.5E-07 7.5E-07 8.6E-07 9.9E-07 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


N-Nitrosodimethylamine 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
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Parameter Mean Percentile 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 


(Class II/III) 
N-Nitrosodi-n-
propylamine (Class I) 


1.0E-06 3.5E-07 4.3E-07 5.4E-07 6.5E-07 7.5E-07 8.7E-07 9.9E-07 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


N-Nitrosodi-n-
propylamine (Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


N-Nitrosodiphenylamine 
(Class I) 


1.0E-06 3.2E-07 3.9E-07 4.9E-07 5.9E-07 6.9E-07 7.9E-07 9.1E-07 1.1E-06 1.3E-06 1.7E-06 2.3E-06 4.3E-06 


N-Nitrosodiphenylamine 
(Class II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


PCB (Class I) 1.0E-06 1.4E-08 3.8E-08 8.9E-08 1.4E-07 2.1E-07 3.0E-07 4.3E-07 6.3E-07 1.0E-06 2.2E-06 4.1E-06 1.2E-05 
PCB (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Pentachlorophenol (Class 
I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.6E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


Pentachlorophenol (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Tetrachloroethene (Class 
I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.6E-07 9.9E-07 1.1E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


Tetrachloroethene (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


total PAH (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.6E-07 9.9E-07 1.1E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
total PAH (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Toxaphene (Class I) 1.0E-06 2.8E-08 5.2E-08 1.0E-07 1.6E-07 2.2E-07 3.1E-07 4.4E-07 6.4E-07 1.0E-06 2.1E-06 4.1E-06 1.2E-05 
Toxaphene (Class II/III) 1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 
Trichloroethene (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.6E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Trichloroethene (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


Vinyl chloride (Class I) 1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 9.9E-07 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 
Vinyl chloride (Class 
II/III) 


1.0E-06 0.0E+00 2.8E-08 8.0E-08 1.4E-07 2.0E-07 2.9E-07 4.2E-07 6.3E-07 1.0E-06 2.2E-06 4.2E-06 1.2E-05 


*Includes dermal exposure during swimming. 
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Appendix G.  Summary of Probabilistic Risk Analyses of Proposed Carcinogen Criteria for 
Subsistence Fishers. 


Table G-1.  Parameter specific percentiles of carcinogen health risks for subsistence fishers.  Analysis of risks was conducted by holding total fish consumption rate constant 
at 142.4 grams while allowing all other model distributions to vary.  The analysis assumes that general population statistics such as weight, drinking water intake, and 
swimming are also representative of the population of subsistence fishers.  Risk is expressed as the incremental risk in the lifetime likelihood of a cancer event based on the 
proposed human health criteria.    


Parameter Mean 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 
1,1,2,2-Tetrachloroethane 
(Class I) 


1.4E-06 5.7E-07 6.9E-07 8.5E-07 9.9E-07 1.1E-06 1.3E-06 1.4E-06 1.6E-06 1.8E-06 2.2E-06 2.6E-06 3.6E-06 


1,1,2,2-Tetrachloroethane 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


1,1,2-Trichloroethane 
(Class I) 


1.4E-06 5.5E-07 6.7E-07 8.3E-07 9.6E-07 1.1E-06 1.2E-06 1.4E-06 1.6E-06 1.8E-06 2.2E-06 2.6E-06 3.5E-06 


1,1,2-Trichloroethane 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


1,2-Dichloroethane (Class 
I) 


1.1E-06 4.2E-07 5.0E-07 6.3E-07 7.4E-07 8.5E-07 9.6E-07 1.1E-06 1.3E-06 1.5E-06 1.9E-06 2.2E-06 3.2E-06 


1,2-Dichloroethane (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


1,2-Dichloropropane 
(Class I) 


1.3E-06 5.4E-07 6.5E-07 8.0E-07 9.3E-07 1.1E-06 1.2E-06 1.3E-06 1.5E-06 1.8E-06 2.1E-06 2.5E-06 3.5E-06 


1,2-Dichloropropane 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


1,2-Diphenylhydrazine 
(Class I) 


2.8E-06 8.5E-07 1.2E-06 1.6E-06 2.0E-06 2.3E-06 2.7E-06 3.0E-06 3.4E-06 3.9E-06 4.7E-06 5.5E-06 6.9E-06 


1,2-Diphenylhydrazine 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


1,3-Dichloropropene 
(Class I) 


1.1E-06 4.5E-07 5.4E-07 6.7E-07 7.9E-07 9.0E-07 1.0E-06 1.2E-06 1.3E-06 1.5E-06 1.9E-06 2.3E-06 3.2E-06 


1,3-Dichloropropene 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


2,4,6-Trichlorophenol 
(Class I) 


9.2E-06 1.3E-06 2.1E-06 4.3E-06 5.8E-06 7.2E-06 8.6E-06 1.0E-05 1.2E-05 1.4E-05 1.7E-05 2.0E-05 2.5E-05 


2,4,6-Trichlorophenol 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


2,4-dinitrotoluene (Class 
I) 


1.3E-06 5.3E-07 6.4E-07 7.9E-07 9.2E-07 1.0E-06 1.2E-06 1.3E-06 1.5E-06 1.7E-06 2.1E-06 2.5E-06 3.4E-06 
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Parameter Mean 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 
2,4-dinitrotoluene (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


3,3'-Dichlorobenzidine 
(Class I) 


1.4E-05 1.4E-06 2.8E-06 6.2E-06 8.6E-06 1.1E-05 1.3E-05 1.5E-05 1.8E-05 2.1E-05 2.6E-05 3.0E-05 3.9E-05 


3,3'-Dichlorobenzidine 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Acrylonitrile (Class I) 3.2E-06 8.8E-07 1.2E-06 1.8E-06 2.2E-06 2.6E-06 3.0E-06 3.4E-06 3.9E-06 4.5E-06 5.4E-06 6.2E-06 7.9E-06 
Acrylonitrile (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Aldrin (Class I) 2.6E-05 1.8E-06 4.5E-06 1.1E-05 1.6E-05 2.0E-05 2.4E-05 2.9E-05 3.3E-05 3.9E-05 4.9E-05 5.7E-05 7.4E-05 
Aldrin (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
b-BHC (Class I) 8.4E-06 1.2E-06 2.0E-06 3.9E-06 5.3E-06 6.6E-06 7.9E-06 9.2E-06 1.1E-05 1.2E-05 1.5E-05 1.8E-05 2.3E-05 
b-BHC (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Benzene (Class I) 1.4E-06 5.7E-07 6.9E-07 8.6E-07 1.0E-06 1.1E-06 1.3E-06 1.4E-06 1.6E-06 1.9E-06 2.3E-06 2.7E-06 3.6E-06 
Benzene (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Benzidine (Class I) 6.5E-06 1.1E-06 1.8E-06 3.1E-06 4.2E-06 5.1E-06 6.1E-06 7.0E-06 8.1E-06 9.5E-06 1.2E-05 1.4E-05 1.7E-05 
Benzidine (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Bis(2-Chloroethyl)ether 
(Class I) 


1.5E-06 6.2E-07 7.5E-07 9.5E-07 1.1E-06 1.3E-06 1.4E-06 1.6E-06 1.8E-06 2.0E-06 2.5E-06 2.9E-06 3.8E-06 


Bis(2-Chloroethyl)ether 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Bis(2-Ethylhexyl) 
Phthalate (Class I) 


8.4E-06 1.2E-06 2.0E-06 3.9E-06 5.3E-06 6.6E-06 7.9E-06 9.2E-06 1.1E-05 1.2E-05 1.5E-05 1.8E-05 2.3E-05 


Bis(2-Ethylhexyl) 
Phthalate (Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Bromoform (Class I) 1.3E-06 5.3E-07 6.3E-07 7.8E-07 9.1E-07 1.0E-06 1.2E-06 1.3E-06 1.5E-06 1.7E-06 2.1E-06 2.5E-06 3.4E-06 
Bromoform (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Carbon Tetrachloride 
(Class I) 


2.4E-06 7.9E-07 1.0E-06 1.4E-06 1.7E-06 2.0E-06 2.2E-06 2.5E-06 2.9E-06 3.3E-06 4.0E-06 4.6E-06 5.8E-06 


Carbon Tetrachloride 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Chlordane (Class I) 2.7E-05 1.9E-06 4.6E-06 1.2E-05 1.7E-05 2.1E-05 2.5E-05 3.0E-05 3.5E-05 4.1E-05 5.1E-05 6.0E-05 7.7E-05 
Chlordane (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Chlorodibromomethane 1.3E-06 5.3E-07 6.3E-07 7.8E-07 9.1E-07 1.0E-06 1.2E-06 1.3E-06 1.5E-06 1.7E-06 2.1E-06 2.5E-06 3.4E-06 
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Parameter Mean 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 
(Class I) 
Chlorodibromomethane 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


DDT (Class I) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.0E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
DDT (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Dichlorobromomethane 
(Class I) 


1.3E-06 5.3E-07 6.3E-07 7.8E-07 9.1E-07 1.0E-06 1.2E-06 1.3E-06 1.5E-06 1.7E-06 2.1E-06 2.5E-06 3.4E-06 


Dichlorobromomethane 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Dichloromethane (Class I) 1.1E-06 4.0E-07 4.9E-07 6.1E-07 7.1E-07 8.2E-07 9.4E-07 1.1E-06 1.2E-06 1.4E-06 1.8E-06 2.2E-06 3.1E-06 
Dichloromethane (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Dieldrin (Class I) 2.6E-05 1.8E-06 4.5E-06 1.1E-05 1.6E-05 2.0E-05 2.4E-05 2.9E-05 3.3E-05 3.9E-05 4.9E-05 5.7E-05 7.4E-05 
Dieldrin (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Heptachlor (Class I) 2.7E-05 1.9E-06 4.6E-06 1.2E-05 1.6E-05 2.1E-05 2.5E-05 3.0E-05 3.5E-05 4.1E-05 5.1E-05 5.9E-05 7.7E-05 
Heptachlor (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Heptachlor epoxide (Class 
I) 


2.7E-05 1.9E-06 4.6E-06 1.2E-05 1.6E-05 2.1E-05 2.5E-05 3.0E-05 3.5E-05 4.1E-05 5.1E-05 5.9E-05 7.7E-05 


Heptachlor epoxide (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Hexachlorobutadiene 
(Class I)* 


1.2E-06 4.5E-07 5.4E-07 6.7E-07 7.8E-07 9.0E-07 1.0E-06 1.2E-06 1.3E-06 1.6E-06 2.0E-06 2.4E-06 3.4E-06 


Hexachlorobutadiene 
(Class II/III)* 


1.6E-06 1.9E-07 3.5E-07 5.6E-07 7.4E-07 9.2E-07 1.1E-06 1.4E-06 1.7E-06 2.3E-06 3.5E-06 4.9E-06 8.9E-06 


Hexachloroethane (Class 
I) 


6.5E-06 1.1E-06 1.8E-06 3.1E-06 4.2E-06 5.1E-06 6.0E-06 7.0E-06 8.1E-06 9.5E-06 1.2E-05 1.3E-05 1.7E-05 


Hexachloroethane (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Isophorone (Class I) 1.3E-06 5.5E-07 6.6E-07 8.2E-07 9.5E-07 1.1E-06 1.2E-06 1.4E-06 1.5E-06 1.8E-06 2.2E-06 2.6E-06 3.5E-06 
Isophorone (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
N-Nitrosodimethylamine 
(Class I) 


1.0E-06 3.5E-07 4.3E-07 5.5E-07 6.5E-07 7.5E-07 8.7E-07 1.0E-06 1.2E-06 1.4E-06 1.7E-06 2.1E-06 3.0E-06 


N-Nitrosodimethylamine 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
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Parameter Mean 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 
N-Nitrosodi-n-
propylamine (Class I) 


1.1E-06 4.2E-07 5.0E-07 6.2E-07 7.3E-07 8.4E-07 9.6E-07 1.1E-06 1.2E-06 1.5E-06 1.8E-06 2.2E-06 3.1E-06 


N-Nitrosodi-n-
propylamine (Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


N-Nitrosodiphenylamine 
(Class I) 


8.7E-06 1.2E-06 2.1E-06 4.0E-06 5.5E-06 6.8E-06 8.1E-06 9.4E-06 1.1E-05 1.3E-05 1.6E-05 1.8E-05 2.4E-05 


N-Nitrosodiphenylamine 
(Class II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


PCB (Class I) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.0E-05 3.5E-05 4.2E-05 5.2E-05 6.0E-05 7.8E-05 
PCB (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Pentachlorophenol (Class 
I) 


1.8E-06 6.9E-07 8.7E-07 1.1E-06 1.3E-06 1.5E-06 1.7E-06 1.9E-06 2.2E-06 2.5E-06 3.0E-06 3.4E-06 4.5E-06 


Pentachlorophenol (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Tetrachloroethene (Class 
I) 


3.2E-06 8.9E-07 1.2E-06 1.8E-06 2.2E-06 2.6E-06 3.0E-06 3.4E-06 3.9E-06 4.5E-06 5.5E-06 6.3E-06 8.0E-06 


Tetrachloroethene (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


total PAH (Class I) 3.2E-06 8.8E-07 1.2E-06 1.8E-06 2.2E-06 2.6E-06 3.0E-06 3.4E-06 3.9E-06 4.5E-06 5.4E-06 6.2E-06 7.9E-06 
total PAH (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Toxaphene (Class I) 2.7E-05 1.9E-06 4.6E-06 1.2E-05 1.7E-05 2.1E-05 2.5E-05 3.0E-05 3.5E-05 4.1E-05 5.1E-05 5.9E-05 7.7E-05 
Toxaphene (Class II/III) 2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 
Trichloroethene (Class I) 1.8E-06 6.9E-07 8.6E-07 1.1E-06 1.3E-06 1.5E-06 1.7E-06 1.9E-06 2.1E-06 2.4E-06 2.9E-06 3.4E-06 4.4E-06 
Trichloroethene (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


Vinyl chloride (Class I) 1.1E-06 4.2E-07 5.0E-07 6.3E-07 7.3E-07 8.4E-07 9.6E-07 1.1E-06 1.3E-06 1.5E-06 1.8E-06 2.2E-06 3.1E-06 
Vinyl chloride (Class 
II/III) 


2.8E-05 1.9E-06 4.7E-06 1.2E-05 1.7E-05 2.1E-05 2.6E-05 3.1E-05 3.6E-05 4.2E-05 5.2E-05 6.1E-05 7.9E-05 


*Includes dermal exposure during swimming. 
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